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TUESDAY,  JULY  15,  1986 

House  of  Representatives, 
!  Committee  on  Science  and  Technology, 

Washington,  DC. 

The  committee  met,  pursuant  to  recess,  at  9:35  a.m.,  in  room 
2318,  Rayburn  House  Office  Building,  Hon.  Robert  A.  Roe  (acting 
chairman  of  the  committee),  presiding. 

Mr.  Roe.  The  committee  will  come  to  order. 

Today  we  continue  our  series  of  hearings  relative  to  the  Rogers 
Commission  report  on  the  Challenger  accident.  We  have  heard 
from  numerous  organizations  and  people  from  NASA  and  other 
parties  that  have  a  measure  of  involvement  in  the  Shuttle  Pro- 
gram. We  are  now  at  a  stage  where  it  is  appropriate  that  we  hear 
from  three  of  the  principal  contractors  responsible  for  developing 
space  shuttle  flight  hardware. 

We  want  to  obtain  their  independent  assessments  of  the  Rogers 
Commission's  conclusions  regarding  flight  hardware,  and  we  want 
to  hear  about  whatever  recertification  efforts  they  are  engaged  in. 
Above  all,  we  want  to  understand  what  is  being  done  to  correct 
design  deficiencies  and  improve  operating  performances  of  flight 
hardware. 

In  the  communication  that  was  sent  to  our  witnesses  today  there 
were  a  number— for  the  benefit  of  the  committee— there  were  a 
number  of  items  that  were  listed  as  key  issues.  And,  for  the  record, 
each  contractor's  assessment  of  the  work  and  the  conclusions  of  the 
Rogers  Commission  as  it  related  to  their  space  flight  hardware; 
what  efforts  each  contractor  has  underway  to  recertify  their  flight 
hardware;  how  each  contractor  identified  and  responded  to  in- 
stances of  anomalous  performance  by  their  flight  hardware  prior  to 
51-L;  what  is  being  done  now  by  each  contractor  to  correct  design 
deficiencies  or  improve  operating  performance  margins  for  their 
flight  hardware;  and  finally,  but  not  all-inclusive,  each  contractor's 
estimates  of  the  time  that  will  be  required  to  complete  the  above 
tasks  and  have  their  flight  hardware  ready  to  reinstitute  flight  op- 
erations. 

We  will  hear  this  morning  from  Mr.  George  Jeffs,  president, 
North  American  Space  Operations,  Rockwell  International;  Mr. 
Richard  Davis,  president,  Martin  Marietta  Michoud  Aerospace;  and 
George  Murphy,  executive  vice  president  and  general  manager. 
United  Technology  Booster  Production  Co.  And  we  want  to  wel- 
come our  witnesses  this  morning. 

(1) 


Before  I  call  upon  our  first  witness,  I  would  defer  to  our  distin- 
guished ranking  minority  member,  Mr.  Manuel  Lujan  from  New 
Mexico. 

Mr.  Lujan.  Thank  you,  Mr.  Chairman.  I  don't  have  an  opening 
statement;  I  just  want  to  welcome  our  witnesses  today.  I  suppose 
my  observations  or  my  questions  today  would  have  to  do  more 
with,  where  do  we  go  from  here?  I  think  we've  gone  through  what 
happened  and  we  all  quite  well  understand  it,  and  I  guess  the  im- 
portant question  now  is,  where  do  we  go  from  here  to  get  back  into 
the  space  business? 

Thank  you  very  much,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  distinguished  gentleman. 

I  would  ask  unanimous  consent,  and  without  objection,  that  tele- 
vision broadcasts,  radio  broadcasts,  still  photography,  other  means 
of  coverage  will  be  permitted  during  the  full  committee  hearings 
this  week  on  the  Rogers  Commission  report.  No  objection;  so  or- 
dered. 

Now,  if  our  three  distinguished  witnesses  would  rise  and  raise 
their  right  hand  and  repeat  after  me,  I  would  appreciate  their 
being  sworn  in  at  this  point. 

[Whereupon,  the  witnesses  were  duly  sworn.] 

Thank  you,  gentlemen. 

Now  the  Chair  recognizes  Mr.  George  Jeffs,  president.  North 
American  Space  Operations.  Mr.  Jeffs,  we  have  your  testimony  but 
I  think  none  of  the  testimony  is — you've  done  a  good  job  in  summa- 
rizing, so  I  think  it  would  be  profitable  for  the  committee  and  for 
the  record  to  do  your  full  testimony  as  presented,  if  you  don't 
mind. 

Mr.  Jeffs,  we  recognize  you  first. 

STATEMENT  OF  GEORGE  JEFFS,  PRESIDENT,  NORTH  AMERICAN 
SPACE  OPERATIONS,  ROCKWELL  INTERNATIONAL,  EL  SE- 
GUNDO,  CA 

Mr.  Jeffs.  Well,  Chairman  Roe,  members  of  the  committee,  I  ap- 
preciate the  opportunity  to  be  here  today  with  you. 

I  have  submitted  a  statement  for  the  record.  I  would  like  to  add 
some  supplemental  comments  to  that,  if  I  may. 

I  am  a  corporate  officer  of  Rockwell  International.  I  run  the 
space  and  energy  business  segments  for  that  company.  We  have 
about  six  divisions  in  space  and  energy;  among  them  are  the  Space 
Transportation  Systems  Division  and  the  Rocketdyne  Division.  The 
Space  Transportation  Systems  Division  is  accountable  for  the  orbit- 
er  design,  fabrication,  test,  and  support,  along  with  the  integration. 
Rocketdyne,  on  the  other  hand,  is  responsible  for  the  design,  fabri- 
cation, test,  and  support  of  the  shuttle  main  engines. 

I  was  a  program  manager  on  the  support  program  for  Gemini.  I 
was  the  chief  engineer  of  the  Apollo  CSM  programs;  I  was  a  pro- 
gram manager  of  the  Apollo  programs  for  the  Apollo-Soyuz  pro- 
grams, the  lunar  science  programs,  and  the  skylab  programs,  and  I 
was  the  shuttle  program  manager  from  the  beginning  of  Rockwell 
until  about  1976  when  I  assumed  my  present  job.  I  am  also  a  long- 
term,  many-year  pilot  so  I  have  easy  and  complete  empathy  with 
flight  safety. 


Our  review— which,  as  you  might  expect,  has  been  done  in  great 
detail— of  the  Commission  findings  has  led  us  to  the  conclusion 
that  that  effort  by  the  committee  was  well  done.  They  certainly 
consummated  their  charter.  They  identified  the  failure  sources  and 
the  associated  causal  factors.  We  also,  of  course,  during  that  proc- 
ess identified  other  areas  that  relate  to  all  of  our  hardware,  and  we 
have  looked  at  those  with  a  fine-tooth  comb. 

I  think  one  of  the  things  that  the  Commission  review  has  done 
for  us  in  an  overall  sense  that  I  think  is  very  healthy  is  that  it  has 
brought  about  a  new  re-review  of  the  total  program,  to  have  us  go 
back  and  relook  at  our  requirements  and  the  certification  testing 
that  we've  done,  the  design,  basically,  to  meet  those  requirements 
in  light  of  our  flight  experiences.  I  think  that's  a  very  healthy 
thing  for  the  program  at  this  time. 

It  turns  out  that  most  of  the  items  that  were  identified  by  the 
Commission  were  in  work  before  51-L.  Most  of  them  were  in  the 
form  of  margin  improvers,  and  I  believe  that  most  of  them  are  in- 
corporable  before  the  next  launch,  which  Dr.  Fletcher  the  other 
day  mentioned  as  being  in  the  early  part  of  1988.  That's  with  the 
exception  of  the  escape  system,  which  I'll  talk  about  in  just  a  little 
more  detail  in  a  moment. 

The  17-inch  valves  have  been  a  subject  we've  been  working  on 
for  some  time.  Those  valves,  as  you  know,  have  to  remain  open  in 
flight  to  feed  the  engines.  If  they  inadvertently  close  it's  a  critical- 
ity-1  type  of  failure.  On  the  other  hand,  they've  got  to  close  at  the 
end  of  flight  in  order  to  make  sure  that  we  don't  have  external 
forces  that  would  cause  potential  recontact  of  the  bodies  at  separa- 
tion. 

We  have  some  design  ideas  about  how  to  put  a  positive  lock  on 
those  valves  which  essentially  fly  in  the  LOX  flow  and  the  hydro- 
gen flow  during  the  engine  operations.  They're  like  little  airfoils  in 
there.  We  have  a  lock  design  that  looks  good.  On  the  other  hand, 
we  want  to  be  doubly  careful  of  adding  anything  additional  to  that 
oxygen  flow  in  the  way  of  any  kind  of  loose  parts  that  might 
come— that  might  give  us  any  sort  of  trouble  in  that  flow  stream. 
So  that  design  has  to  be  looked  at  from  all  angles,  and  we're  doing 
that.  Nonetheless,  we  believe  that  that  system  is  qualifiable  to  the 
flow  rates  consistent  with  109  percent  engine  operation,  which  es- 
sentially sets  the  flow  rates  prior  to  the  next  flight. 

We've  been  working  on  the  brakes  for  some  time.  The  steering 
problems,  so-called,  are  not  really  problems.  The  steering  system  is 
a  single-string  system;  it  was  meant  in  the  first  place  to  be  a 
backup  system,  but  with  the  requirements  of  minimizing  the  load 
on  the  brakes,  it's  necessary  that  the  steering  system  play  a  more 
active  role.  We  are  looking  at  redundancy  in  the  steering  system 
and  the  electronics  in  the  steering  system,  in  the  electricals,  and 
also  in  the  hydraulics.  You  can  only  take  this  so  far  because  it  gets 
back  single-string  into  the  APU's,  so  we're  looking  at  how  we  pro- 
vide adequate  redundancy  in  the  steering  system  so  that  the  crews 
themselves  will  have  confidence  in  its  workability  to  essentially 
unload  the  brakes.  We,  as  you  know,  in  this  system  don't  have  the 
advantages  of  thrust  reversal  and  things  like  that  that  you  have 
with  the  big  airplanes,  so  we  have  to  slow  this  system  down  other- 
wise, and  mostly  that  load  falls  on  the  brakes.  If  we  can  handle  the 


steering,  that  prevents  us  from  having  to  use  differential  brakes  to 
keep  the  airplane  on  the  runway.  The  steering  system  is,  I  think, 
easily  doable  to  provide  the  redundancy  that  I  believe  will  be  ac- 
ceptable across  the  board. 

The  brakes — we  are  adding  capability  to  the  brakes.  The  brakes 
are  designed  for  about  42  million  foot-pounds.  You  can  get  various 
energy  absorption  capabilities  out  of  them,  depending  on  how  you 
use  the  brakes;  but  we  are  increasing  that  capability  to  about  65 
million  foot-pounds  now,  which  should  provide  us  with  adequacy 
for  cross-wind  landings  at  recovery  sites.  We  are  doing  that  by  in- 
creasing the  stiffness  of  the  axles  and  by  essentially  beefing  up  the 
thickness  of  the  staters  on  the  brakes.  We  have  a  plan  that's  a 
little  bit  more  long-range  that  will  put  carbon  brakes  into  it  that 
will  take  our  capabilities  up  to  about  82  million  foot-pounds  which 
should  be  adequate  for  any  occasion. 

To  do  that,  you're  going  to  have  to  add  some  weight.  And,  of 
course,  one  of  the  reasons  that  brakes  run  into  some  degree  of  diffi- 
culty with  this  kind  of  a  vehicle  is  that  we've  done  everj^thing  pos- 
sible to  keep  the  brakes  lightweight  in  the  first  place.  Every  pound 
that  you  put  into  brakes  is  a  pound  that  you  take  out  of  payload. 
That  just — digressing — of  course,  is  one  of  the  reasons  that  the 
nose  gear  is  so  short  on  this  vehicle  and  why  it  has  to  fall  through 
so  far,  and  that's  to  shorten  it  up  to  save  weight,  unlike  a  large 
airplane. 

On  the  engines,  we  are  working  the  blades  and  bearing  problems 
and  have  been  for  some  time.  The  blades  are  really  different  than 
most  people  would  think.  For  example,  I'll  hold  up — that  you  prob- 
ably can't  see — this  is  a  blade  from  an  oxygen  pump.  That's  a  blade 
from  a  pump;  it's  pretty  small.  That  little  blade  has  about  a  4,000- 
pound  load  on  it  that's  tangential,  a  couple  of  hundred  pounds 
that's  normal  to  the  blade  surface  in  these  high-speed  pumps. 

The  fuel  pump  blade  is  a  little  larger,  as  you  can  see.  We've  had 
our  first  blade  cracking  problems,  which  we  solved  with  coatings 
and  otherwise,  on  the  blades  that  were  caused  basically  by  thermal 
stresses  when  the  engines  started  up.  We've  had  subsequent  crack- 
ing that's  been  brought  about  by  thermal  fatigue  on  these  blades 
because  they  see  not  only  the  thermal  stresses  on  startup,  but  they 
also  see  cycling  loads  during  the  operation  of  the  pump. 

The  cracks  that  we  have  now  are  essentially  down  in  the  shank, 
clear  down  in  here  on  these  blades.  As  a  matter  of  fact,  on  the  fuel 
blade,  they're  down  on  the  fir  tree  which  is  way  down  on  the 
bottom  portion  of  the  blade  itself. 

We  believe  that  we  have  a  good  solution  to  the  oxygen  blade  with 
dampers.  Those  dampers  essentially  cut  out  the  resilient  condition 
on  the  blades  that  gives  us  reduction  in  the  stresses  that  we're  put- 
ting on  the  blades,  and  therefore  increase  their  long-term,  high- 
cycle-fatigue  life. 

With  the  fuel  blades,  we  are  working  very  hard  on  single  crystal 
blades  which  increase  the  strength  of  the  blades,  and  we  think  that 
should  take  care  of  the  problem  on  the  fuel  side. 

It's  to  be  understood  that  these  cracks  are  minuscule.  It  takes  a 
magnifying  glass  to  see  them.  I  can't  see  them  anymore  with  my 
eyes;  maybe  you  can,  but  I  certainly  can't  see  them. 


We  have  given  ourselves  confidence  in  flying  the  engine  with 
those  kinds  of  blades  through  off-limit  testing.  We've  taken  the 
worst  cracked  blades  we  could  possibly  find  and  run  them  in  en- 
gines to  see  if  we  could  make  those  cracks  grow.  We  have  not  been 
able  to  do  so.  At  the  same  time,  it's  not  satisfactory  for  us  to  con- 
tinue in  the  long-term  flying  cracked  blades,  and  that's  why  we're 
putting  so  much  effort  on  fixing  those  blades.  I  believe  that  we 
should  have  fixes  for  those  blades  before  the  next  flight.  I'm  pretty 
sure  that  the  dampers  will  take  care  of  the  problem  with  the 
oxygen  blades;  I  think  that  our  testing  will  prove  and  certify  that 
we  can  do  similarly  with  the  fuel  blades  with  single  crystal  materi- 
al, although  we'll  also  include  those  in  the  oxygen  blades. 

Right  now,  we  are  shooting  for  a  goal  in  our  spec  of  55  missions 
with  the  engines,  with  maintenance.  The  principal  maintenance 
item  is  the  pump.  We  would  like  to  increase  that,  of  course,  by  get- 
ting these  blade  problems  fixed  and  also  by  working  on  the  bear- 
ings. The  bearing  problems  are  primarily  brought  about  by  cooling, 
and  we  are  working  on  the  cooling  systems  to  reduce  the  tempera- 
ture on  those  blades.  We  do  turn  the  pumps  around  frequently, 
which  is  not  comforting  to  us  from  the  point  of  view  of  the  mainte- 
nance time  required;  but  at  the  same  time,  we  take  the  pumps 
apart  and  take  a  good  look  at  those  pumps  every  time,  which  gives 
us  further  confidence  that  those  pumps  are  adequate  for  subse- 
quent flights. 

So  in  the  next  flight  we'll  operate,  the  plan  is,  at  100  percent  on 
those  engines.  I  have  confidence  that  the  engines  have  great 
margin  at  100  percent.  At  104  percent  I  ^o  think  that  we  have 
margin,  also.  I  think  that  the  margin  probably  is  on  the  order  of  10 
percent  or  a  little  more  at  104  percent  relative  to  just  the  funda- 
mental strength  of  the  engine.  At  109  percent— we've  run  a  lot  of 
tests  on  the  engine  at  109  percent.  I  think  the  engine  is  satisfactory 
at  109  percent,  albeit  we  don't  have  an  awful  lot  of  margin  at  109 
percent.  We  have  run  the  engine  to  HI  percent.  To  be  comforta- 
ble—as comfortable  at  109  percent  for  normal,  continuous,  frequent 
operation  as  we  are  at  104  percent,  we  would  recommend  that  we 
go  to  a  larger  throat,  which  we  have  designed  and  built,  and  that 
we  also  add  to  that  the  dual  manifold  gas  system  which  would  tend 
to  unload  and  better  balance  the  two  pumps  in  the  system  and,  I 
think,  give  us  back  the  margin  at  109  that  we  presently  ^joy  at 
104. 

Throughout  the  system  we  are  looking  at  criticality-1  items,  as 
you  know,  throughout.  We  are  reviewing 

Mr.  Roe.  If  the  gentleman  would  yield  for  a  moment. 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Roe.  Excuse  me  for  interrupting  you. 

We  may  lose  some  continuity,  which  I  don't  think  you  want  to 
do.  I  think  you're  going  beyond  some  of  the  points,  and  I  don't 
want  to  interfere  with  your  testimony,  but  the  way  we  are  orga- 
nized— you  are  including  in  your  testimony  all  of  the  written  testi- 
mony, which— all  testimony  will  be  accepted.  But  there  are  certain 
specific  items  that  are  very  germane  to  this  hearing  today  that  I 
don't  want  to  lose  sight  of,  and  you  may  want  to  also,  in  your  excel- 
lent presentation,  take  the  time — because  I  think  it  would  be  help- 
ful to  the  committee;  you  must  remember  that  you  have  extraordi- 


nary  background  in  this  field  and,  in  candor,  there  are  some  of  us 
that  are  either  awed  or  cowed  by  your  presentation,  and  we  don't 
want  to  do  either.  I  think  it  would  be  awful  helpful  if  you  also 
would  include— to  follow  the  continuity  on  page  2,  where  you  re- 
sponded directly  to  the  five  or  six  different  items  we  asked  for. 

The  reason  I  suggest  you  do  that,  because  I  think  it  would  be 
helpful  for  some  of  the  questions  that  will  emerge  in  reference  to 
the  criticality  list  that  you  spoke  to  earlier,  some  of  the  anomalies 
involved.  And  then  we  want  to  get  in— you  have  covered  on  page  4 
pretty  well  a  number  of  the  items,  the  technical  items,  which  I 
think  are  very  important  as  it  relates  to  the  brakes  and  so  forth, 
which  you're  responding  to.  And  then  it  seems  to  me,  the  item  on 
page  4— it  is  item  5— which  had  to  do  with  the  timeframe.  And  I 
know  that  your  testimony  was  prepared  a  day  or  two  earlier,  subse- 
quent to  Dr.  Fletcher's  response  as  to  the  timeframe  for  the  18 
months  versus  the  2  years;  in  other  words,  when  they  felt  they'd  be 
ready  to  go  back  in  flight.  Do  you  follow  where  I'm  coming  from? 
In  other  words,  I  think  it  would  be  helpful— unless  I'm  interrupt- 
ing your  testimony— to  talk  a  little  bit  about  the  criticality  list  spe- 
cifically and  what  we're  doing  there  on  all  items  that  would  be  con- 
sidered No.  1  on  your  criticality  list  in  your  area. 

Do  I  make  any  sense  to  you? 

Mr.  Jeffs.  Yes,  sir,  to  the  first  order.  I  was  going  to  talk  about 
criticality  and  FMEA's.  The  criticality-1  items,  of  course,  on  the  or- 
biter  are  like  in  the  numbers  of  300  or  330  or  340,  criticality-1-type 
items.  On  the  engine,  they're  less  than  that;  they're  on  the  order  of 
90  or  thereabouts. 

Mr.  LuJAN.  I  think  what  we're  getting  at— you  start  off,  "First, 
regarding  the  work  and  conclusion  of  the  Rogers  Commission,"  and 
comment  on  that;  and,  "Second,  under  NASA  direction,  we  have 
started"— in  other  words,  follow  it  in  the  same  order  that  you  have 
it  in  your  testimony  so  that  we  can  follow  it;  I  think  that's  basical- 
ly what— start  off  with  page  2.  At  the  bottom  of  page  2,  you  start 
off,  "First,  regarding  the  work  and  conclusions  of  the  Rogers  Com- 


mission." 


Mr.  Jeffs.  Well,  I  was  really  trying  to  address  the  things  that 
are  over  and  above  the  Commission  report.  You  know,  the  Commis- 
sion report,  I  think,  touched  very  clearly  on  the  17-inch  valves,  on 
steering,  on  brakes.  We  have  had  continuous  reviews  of  all  the 
criticality-1  items  on  the  program  since  the  Commission  report, 
and  we  have  done  a  lot  of  work  in  parallel  with  that  as  continuing 
work  on  the  programs. 

The  Commission  report  was  not  meant  to  identify  or  address  all 
the  issues  on  the  program.  I'll  give  you  two,  for  example,  that  are 
of  continuing  concern  to  us,  and  one  of  those  is  the  tile  system.  As 
you  recall,  of  course,  the  Commission  didn't  say  much  about  the 
tile  system,  nor  was  it  expected  to. 

We  continually  review  that  tile  system.  It  is  a  criticality-1  type  of 
a  system,  if  you  will;  we  have  had  an  occasional  failure  on  that  tile 
system.  We  had  a  problem  with  one  of  the  tiles  in  the  cold  area 
when  we  lost  a  gap  filler,  and  that  high  temperature  gas  is  very 
unfriendly.  So  we  are  very  careful  to  review  the  vehicle  after  every 
flight  to  identify  where  there  might  be  any  kind  of  a  possibility  of 
that  plasma  getting  into  the  system  itself. 


I  would  think— of  the  criticality  items  that  really  trouble  me  on 
the  program,  that  need  continuous  review  of  the  development  con- 
tractor, the  tiles,  the  seals,  and  the  gap  fillers  are  all  right  among 
the  top,  as  far  as  I'm  concerned.  We  have  had  also  problems  with 
some  slumping  tile  on  the  forward  end  of  the  vehicle,  right  under- 
neath the  chin.  And  we  are  working  on  some  redesigns,  and  have 
been  for  some  time,  to  take  care  of  those  particular  kinds  of  prob- 
lems. 

There  are  some  criticality-1  items  in  the  system  that,  of  course, 
will  never  go  away;  that's  what's  expected.  That  gives  us  the  atten- 
tion on  the  criticality  items,  but  in  fact  there's  nothing  we  can  do 
to  make  them  go  away  except  to  give  them  tender  loving  care  to 
make  sure  that  they're  satisfied  with  the  operation  of  our  hard- 
ware. Such  things  of  those  are  the  elevons.  The  elevons,  for  exam- 
ple, are  redundant  except  when  you  get  down  to  the  shaft  on  the 
elevons;  it's  a  single  elevon  system,  and  we  spent  a  lot  of  time  on 
the  program  early  to  consider  dual  actuators  versus  single  actu- 
ators, with  all  kinds  of  reviews,  and  finally  concluded  that  single 
actuators  were  the  thing  to  do  for  the  system.  Now,  they  are  criti- 
cality-1, if  you  will,  and  will  not  go  away;  but  our  emphasis  has 
been  to  make  sure  that  everything  is  done  to  make  those  systems 
as  perfect  as  possible. 

The  ET  door  is  in  the  same  category.  That  must  close,  and  it 
must  seal  properly,  so  it  is  a  criticality-1  type  item  and  we  make 
doubly  sure  that  that  works  by  over  margins  in  the  design  and  by 
actual  clear  setting  up  of  the  rating  and  so  on  and  maintenance  of 
the  seals  on  those  doors. 

With  the  chairman's  permission  I  would  like  to  continue  my 
thoughts  here  and  then  come  back,  perhaps,  in  specific  questions  to 
key  items  that  you  would  like  to  emphasize. 

Mr.  Roe.  Well,  what  the  Chair  plans  on  doing,  for  the  benefit  of 
all  the  witnesses— the  answer,  of  course,  to  Mr.  Jeffs  is  certainly;  I 
don't  want  to  break  the  continuity  of  your  presentation,  but  I 
wanted  to  be  informed  that  it's  responsive  to  what  we're  asking  for. 
What  I'm  going  to  do  is  ask  all  three  witnesses  to  make  their  ini- 
tial presentation,  initially  coming  off  the  five  or  six  items  that  we 
referred  to  you  by  communication.  We  don't  want— it's  not  the  in- 
tention of  the  committee  to  limit  you  at  all  to  the  report,  because 
the  Commission  itself  found  that  its  report  that  it  made  to  the 
President  and  this  committee  and  the  people  of  the  country  only 
summarized  certain  parts,  and  they  left  initiative  in  other  areas, 
which  you're  speaking  to.  And  I  don't  want  you  to  misunderstand 
me,  that  I  want  to  limit  that;  I  don't.  What  I'm  trying  to  get  at  is 
four  or  five  key  items  because  there  are  a  series  of  questions  that 
have  to  do  with  timing  and  specifics  that  we're  going  to  get  into. 
That's  where  I'm  coming  from. 

So  I  think  you're  fine  where  you're  at;  just  go  right  ahead  from 
there. 

Mr.  Jeffs.  In  summary  on  the  timing  issue,  Mr.  Chairman,  I  be- 
lieve that  all  the  changes  that  we  believe  are  necessary  to  give  us 
added  margin  in  the  system  are  doable  within  a  time  period  that  is 
of  the  first  part  of  1988.  The  reason  that  I  say  1988  is  that  I  be- 
lieve, in  order  to  get  the  single  crystal  blades  into  the  engines,  it's 
probably  going  to  take  us  until  about  that  time.  Now,  I  believe  we 


8 

could  fly  those  engines  safely  before  that;  but  I  think  for  that 
added  assurance  of  those  blades,  that's  the  time  it  would  take. 

The  only  item  that  we  have  that  falls  outside  of  that  envelope  is 
the  escape  system.  We  spent  many,  many  weeks  and  months  work- 
ing escape  system  possibilities  on  this  vehicle.  We  could  not  find  a 
practical  solution  to  it,  certainly,  for  the  SRB  stage  of  the  launch; 
and  even  after  that,  there  was  little  that  could  be  done  to  help  the 
crew.  So  we  concentrated  our  efforts  on  trying  to  make  the  basic 
system  that  much  more  reliable,  if  you  will,  as  far  as  the  orbiter 
and  the  engines  are  concerned. 

We  are  presently  re-reviewing  all  of  that  to  see  if  those  stum- 
bling blocks  are  still  with  us.  So  far  they  appear  to  be,  obviously, 
during  the  SRB  phases.  We  are  looking  very  carefully  at  a  gliding 
flight  situation  in  case  of  ditching.  We  have  a  number  of  concepts, 
if  you  will,  on  how  that  might  be  done;  so  far  none  of  them  look 
very  practical  to  us.  We  are  working  very  hard,  though,  to  see 
what  we  can  do  to  provide  a  practical  system.  We  have  a  couple  of 
ideas  and  we're  pursuing  those.  Now,  whether  or  not  we  can  get 
that  done  and  qualified  for  a  1988  launch  is  very  questionable  in 
my  mind  based  on  what  I've  seen  so  far.  However,  we  have  not 
given  up. 

I  might  point  out  that  when  I  say  that  we  turned  our  energies  to 
try  and  make  the  system  that  much  more  reliable  and  safe,  if  you 
look  at  the  system  in  depth  you  find,  of  course,  that  in  the  majori- 
ty, it's  fail-ops,  fail-ops,  fail-safe,  which  fundamentally  means  it's 
triply-redundant.  So  we  have  triple  redundancies  in  every  area 
that  we  could  provide  this  in  the  vehicle;  and,  of  course,  we  have 
large  margins  in  areas  that  didn't  subject  themselves  to  such  re- 
dundancies, such  as  structures  and  so  on. 

So  I  think  with  the  triple  redundancy  and  the  tender  loving  care 
in  putting  this  vehicle  together  and  rating  it  and  setting  it  up  for 
flight,  that  we  have  done  what  we  thought  was  necessary  to  pro- 
vide a  safe  operation  for  the  crew. 

Now,  it's  clear  that  an  area  was  missed  on  the  SRB  in  that  con- 
text, and  one  of  the  questions  that  arises  is,  where  else  in  the 
system  might  you  have  similar  kinds  of  problems  waiting  for  you? 
As  I  say,  we  are  very  sensitive  to  any  little  signs  that  that  vehicle 
shows  us  as  a  result  of  flying.  You  know,  we've  only  flown  the  vehi- 
cle 25  times;  it's  a  development  article  in  an  arena  that  we've 
never  operated  a  vehicle  in  before,  so  anything  that  we  see  that's 
out  of  the  usual,  that's  unusual,  we  take  immediate  steps  to  react 
to.  And  so  does  NASA.  We  get  excellent  support  in  those  endeavors 
by  the  NASA;  and  the  particular  thing,  as  I  say,  that  follows  as  an 
obvious  example  in  that  regard  is  the  tile  system  and  the  seals  and 
so  on. 

We  have  seen  some  problems  with  the  vehicle  at  the  Cape  that 
shouldn't  be.  I  guess  you  could  potentially  lay  this  at  the  feet  of  the 
reliability  and  quality  assurance  area,  although  reliability  and 
quality  assurance  and  safety  is  everybody's  responsibility,  not  just 
a  given  organization.  We  have  had  some  problems  in  the  checkout 
of  our  vehicle  that  we  have  not  been  satisfied  with,  and  I  think 
that  most  people  involved  in  this  are  well  aware  of  it.  They  range 
from  problems  of  misservicing  of  the  vehicle,  problems  of  oxygen 
probes  loose  in  the  system,  and  two  areas  where  we  have  discov- 
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ered  that  the  vehicle  has  been  flown  without  complete,  adequate 
verification  of  the  adequacy  of  the  testing  on  the  tile  systems  on 
replaced  tiles.  I  think  those  matters  have  been  brought  to  the  at- 
tention of  the  proper  people  at  the  Cape,  and  they  are  well  aware 
of  the  sensitivity  of  those  kinds  of  issues. 

Mrs.  Meyers.  Mr.  Chairman,  could  I  interrupt  with  a  question 
right  now? 

Mr.  Roe.  Well,  I  know  that  I  have  15  questions  myself  that  I 
want  to  ask  at  this  moment,  but  I  think  it  would  be  more  profita- 
ble—but I  would  be  glad,  if  the  lady  feels  that  strongly  about  it,  of 
course.  But  if  we  start  that  we're  going  to  get  into  a  whole  series  of 
questions.  But  go  ahead.  The  lady  from  Kansas. 

Mrs.  Meyers.  Well,  it's  just  a  matter  of  clarification. 
You  said  that  there  were  problems  with  the  checkout  of  the  vehi- 
cle, and  that  sometimes  it  had  been  flown  without  adequate  prepa- 
ration. Now,  when  did  you  know  this,  Mr.  Jeffs?  In  other  words, 

what  I'm  trying  to  get  at  is,  are  these 

Mr.  Roe.  If  the  gentlelady  will  yield? 
Mrs.  Meyers.  Yes. 

Mr.  Roe.  I  think  the  question  is  a  valid  one,  but  I  think  it's  pre- 
mature because  I  think  we  need  the  continuity. 

What  the  chair  is  attempting  to  develop— and  I  think  Mr.  Jeffs  is 
just  getting  into  it— as  you  recall,  in  our  whole  series  of  hearings, 
what  we're  talking  about  here  is,  one,  what  happened  from  a  tech- 
nological point  of  view,  which  I  think  we've  pretty  well  been 
through.  The  second  point  is  management,  and  part  of  what  he's 
speaking  to  now  does  have  to  do,  in  my  judgment,  with  coordinated 
management. 

So  I  think  it  would  be  profitable  to  get  the  input  of  Mr.  Jeffs,  Mr. 
Davis,  and  Mr.  Murphy  based  upon  the  point  of  view— with 
NASA's  attempt  to  coordinate  and  have  a  major  umbrella  over  this 
situation— in  effect,  is  that  deleterious  to  those  who  are  providing 
parts  and  pieces  to  the  whole  system?  And  I  noted  in  some  of  the 
testimony,  you're  bringing  that  out— I  believe  Mr.  Davis  does— and 
if  I'm  not  mistaken,  I  think  you're  touching  on  it. 

So  if  you  would  hold  back  on  your  detailed  question,  I  think  it 
would  be  helpful.  And  let's  get  the  input  in  first. 
Go  ahead,  Mr.  Jeffs. 

Mr.  Jeffs.  Yes,  sir.  And  I'll  answer  your  question  later,  Mrs. 
Meyers. 

Mr.  Roe.  And  we'll  call  on  you  as  quickly  as  possible. 
Mr.  Jeffs.  And  I'll  expand  later,  if  you  wish  me  to,  on  the  sub- 
ject of  the  Cape. 

Mr.  Roe.  Let  me  interject  one  more  thought,  if  I  may.  Where 
we're  coming  from,  because  we  want  your  effort  to  be  meaningful 
here— it  is  appropriate  that  we  call  in  the  other  hardware  contrac- 
tors, you  people  who  are  building  this  equipment,  and  we  want  a 
straight-forward  approach.  In  other  words,  it's  not  all  honey  and 
cream— and  you're  mentioning  that  point— by  far,  because  we're 
looking  for  a  timeframe  to  improve. 

So  what  I'm  hoping  we  can  bring  out  today,  and  it's  an  excellent 
opportunity  for  the  witnesses  in  the  greatest  of  candor  to  get  across 
some  of  the  points  they  want  to  make  so  that  as  the  committee 
makes  its  determination  for  legislative  remedial  action,  that  those 
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areas  of  your  concern  are  given  attention  to,  fully  recognizing  the 
delicacy  of  discussion  today. 

Now,  if  Mr.  Jeffs  would  continue  from  there. 

Mr.  Jeffs.  Well,  I'll  wind  up  my  comments  on  the  cape. 

The  cape  shuttle  processing  contract — as  you  know,  we  competed 
for  that  at  Rockwell,  as  did  some  of  my  colleagues  here  at  the 
table.  I  was  never  happy  with  the  SPC  approach  to  getting  at  the 
solution  of  the  problem  that  was  attempted  to  be  solved. 

The  basic  problem  was — the  intent  was — to  try  and  get  the  pro- 
gram more  into  an  operational  mode.  We  had  no  quarrel  with  that; 
however,  we  felt  that  the  vehicle — it  was  too  early  in  the  develop- 
ment process,  in  the  evolutionary  process  of  the  vehicle  to  separate 
the  baby  from  the  mother,  so  to  speak.  As  a  consequence  we  had 
trouble  with  that  concept. 

The  basic  concept  that  is  fundamental  here,  in  my  mind,  the  con- 
cept that  NASA's  successes  and  all  of  our  successes  in  the  space 
program  had  been  truly  based  on,  is  that  of  accountability.  And  ac- 
countability encourages  extra  tender,  loving  care;  there's  no  ques- 
tion about  it.  We  operate  that  way  throughout  our  operations. 
There's  no  substitute  for  somebody  knowing  exactly  who  is  respon- 
sible for  what  and  when  it  has  to  be  done,  and  they've  got  to  stand 
up  and  say  so. 

The  movement  at  the  cape  to  take  the  hardware  away  from  the 
developers,  to  cut  down  changes,  to  move  it  more  into  an  operation- 
al arena  does,  in  fact,  diffuse  accountability.  And  as  a  matter  of 
fact,  right  now  at  the  cape,  what  happens  to  our  vehicle  we're  not 
fully  aware  of,  as  you  know.  We  have  a  small  cadre  of  people  at  the 
cape;  there  are  some  thousands  of  people  that  are  involved  in  proc- 
essing it.  So  we  don't  have  full  visibility  of  what  does  go  on  at  the 
cape,  and  as  a  consequence  the  accountability  moves  to  another 
arena  with  respect  to  the  preparedness  of  the  vehicle  to  fly. 

I  would  like  to  say  a  few  words  about  communications  that  relate 
to  management  problems — that  at  least  have  been  alluded  to  as 
management  problems  in  some  of  the  previous  discussions  and  tes- 
timonies. First  off,  I'd  like  to  say,  within  Rockwell,  the  communica- 
tion is  very  clear.  We  have  frequent  discussions  and  reviews  of  all 
elements  of  the  hardware  down  into  depth  in  all  the  things  that  we 
do  on  the  program  at  my  level,  and  the  people  that  I  work  for — the 
president  of  the  company  has  monthly  reviews  in  which  we  also 
bring  consultants  into  it,  such  as  Dr.  Christopher  Kraft  and  others, 
who  have  no  problem  in  speaking  their  minds  and  identifying 
issues  as  we  proceed. 

The  president  of  our  company  is  very  familiar  with  the  details  of 
everything  that  we  do.  He  is  very  familiar  with  our  commitments 
to  fly  and  any  problems  associated  with  those  commitments,  just  as 
I  was  in  the  last  flight.  So  is  the  chairman  and  the  chief  executive 
officer,  who  is  deeply  involved  and  very  interested  not  only  in  the 
space  program,  but  more  particularly,  the  shuttle. 

We  do  have  a  unique  relationship  with  the  NASA.  It's  built  up 
through  the  years  of  working  with  the  NASA.  We  have  great  tech- 
nical regard  for  each  other;  as  a  consequence,  we  listen  to  what 
each  other  has  to  say.  We  don't  always  agree,  but  in  fact,  we  do 
have  ways  to  come  to  decisions  on  problems.  That's  been  classical; 
there's  nothing  new  about  that. 
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We  have  people  in  the  mission  support  rooms  at  Houston.  We're 
in  real  time  on  all  problems  that  are  arising  before,  during,  and 
after  the  flights.  We  have  mission  support  rooms  at  Downey  where, 
in  fact,  we  receive  real  time  data,  and  we  have  specialists  involved 
in  each  one  of  these  areas  of  concern  before,  during,  and  after 
flight. 

If  we're  not  satisfied,  we  tell  it  like  it  is,  and  we  don't  have  any 
hesitation  in  going  to  the  program  managers,  to  the  division  direc- 
tors, and  to  the  NASA  Administrator  if  needs  be,  to  express  our 
views. 

On  the  ice  problem  at  the  cape,  it  was  unfortunate.  It  was  unfor- 
tunate that  ice  existed  in  the  first  place.  There  was  a  plan  to  pre- 
vent that  from  occurring,  draining  the  system— trickle-draining  the 
system— so  that  it  didn't  freeze.  That  didn't  work  very  well,  so  we 
did  end  up  with  ice.  Now,  we're  not  on  the  ice  detail— the  ice  teams 
are  responsible  for  ice  on  the  pad.  We  do  have  people  there  that 
informed  us  of  the  ice;  and,  of  course,  we  saw  the  ice  on  television. 
We  had  people  working  the  problem  during  the  early  morning 
hours  to  try  to  see  if  we  could  analyze  the  potential  trajectories  of 
the  ice  particles  during  the  launch  phase,  including  the  aspiration 
effects  as  the  vehicle  passed  by  the  stand.  We  couldn't  do  it;  we 
couldn't  analyze  it  very  well.  We  didn't  know  where  the  heck  the 
ice  was  going  to  go.  The  NASA  were  very  capable,  were  trying  to 
do  their  own  analyses.  That  gets  down  to  details  of  exactly  the  air 
flow,  the  wind  flow,  the  ice  location  on  the  vehicle,  et  cetera;  it 
turned  out  we  still  didn't  know  where  the  ice  was  going  to  go. 

We  are  concerned  about  the  ice  with  those  tiles  that  I  mentioned 
earlier.  We've  had  ice  experience  before.  Ice  is  not  new  to  us;  we've 
had  lots  of  ice  damage  to  the  tiles  from  the  external  tank  during 
the  launch  phase.  A  lot  of  work  has  been  done  to  remove  those 
sources.  That  damage  has  been  getting  less.  It  was  clear  from  the 
background  that  we  did  have  that  even  though  we'd  suffered 
damage  to  the  tiles,  breaking  of  the  borosilicate  surface,  some 
damage  to  the  tiles,  that  we'd  never  had  a  situation  that  was  really 
vehicle-threatening  from  that  during  reentry.  There  was  some  fur- 
ther expansion  of  that,  of  those  damaged  areas,  but  none  qf  them 
were  really  vehicle-threatening.  Nonetheless,  we  don't  like  it;  we're 
conservative  about  it.  We  told  the  NASA  about  it. 

Now,  my  people  called  me,  said  they  wanted  to  make  a  strong 
recommendation  to  the  NASA  that  we  not  fly  because  of  the  con- 
cern for  where  the  ice  was  going  to  go.  That  got  to  the  program 
manager,  Arnie  Aldrich.  He's  a  very  good  one.  He  knows  the  tile 
problem;  he's  got  lots  of  people  that  know  the  tile  problem.  I  knew 
he  knew  about  the  tile  problem.  We  did  not  have  a  firm  data  base 
to  say  that,  in  fact,  that  ice  damage  was  in  fact  going  to  give  us  a 
mission-critical  type  of  a  problem. 

We'd  expressed  our  concern  to  Arnie.  Arnie,  in  a  position  of 
having  all  the  information— more  than  we  did,  including  the  re- 
sults of  the  ice  review  teams  and  so  on,  on  the  pad— made  the  deci- 
sion. That's  what  program  managers  are  for;  not  all  decisions  are 
go-no  go  decisions  in  this  world.  If  they  were,  we  wouldn't  need  any 
program  managers  and  that  would  be  an  awfully  lot  easier  job 
than  it  is  right  now. 
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I  felt  confident  that  he  understood  the  situation  in  depth,  that  he 
was  well  informed  of  our  position;  that  he  overruled  our  concern — 
not  necessarily  our  go-no  go  positive  position  on  flying.  I  had 
enough  confidence  in  that,  so  I  didn't  pick  up  the  phone  and  call 
him.  If  I'd  felt  that  that  was  threatening  to  the  vehicle,  I  wouldn't 
have  hesitated  to  do  so,  or  to  have  gone  beyond  Arnie  if  that  was 
necessary.  That's  essentially  the  ice  story  from  my  view. 

I  would  like  to  say,  if  I  may  now,  a  couple  of  words  about  pride, 
accomplishment,  and  technology.  The  orbiter  and  the  SSME's  have 
performed  as  required  on  all  missions.  We  have  enjoyed,  and  have 
through  the  years,  on  Apollo  and  shuttle,  hearing  from  the  astro- 
nauts, the  flight  controllers,  the  engineers,  that  "Rockwell,  you 
build  great  hardware."  And  when  you  can  sit  there  and  watch 
those  CRT's  hardly  deviate  on  all  the  systems  hour  after  hour,  day 
after  day,  you  know  that  hardware  really  is  great. 

When  we  started  to  build  this  vehicle,  we  determined  that  we 
were  not  going  to  get  into  development  areas  that  were  unneces- 
sary. For  example,  there  was  no  need  for  us  to  develop  a  new  com- 
puter. There  was  no  need  for  us  to  develop  a  new  platform.  What 
we  wanted  to  do  was  to  use  that  hardware  off  the  shelf  and  free 
ourselves  to  focus  on  the  more  demanding  technological  problems 
of  the  thermal  protection  system;  of  the  reusable,  lightweight,  high- 
performance  rocket  engines;  of  the  hypersonic,  aerodynamic,  and 
control  system  for  the  vehicle;  and,  of  course,  the  software  to  inter- 
act this  hardware-software  interface  of  this  system. 

The  system  has  sometimes  been  alluded  to  as  "not  state-of-the- 
art,"  which  is  obviously  poor  thinking.  The  system  is,  as  a  matter 
of  fact,  the  epitome  of  the  state-of-the-art.  We  don't  know  how  to  do 
it  any  better  when  it  comes  to  those  major  technological  areas.  It  is 
true,  we're  upgrading  the  system  with  new  computers,  new  plat- 
forms, new  fuel  cells,  but  those  are  minor.  Those  aren't  fundamen- 
tal to  the  basic  thing  that  the  shuttle  does. 

The  shuttle,  therefore,  certainly  need  not  be  criticized  because 
it's  not  the  newest  of  technology.  That  comes  from  a  misguided  ob- 
jective, in  my  view.  The  shuttle  does  what  it's  supposed  to  do; 
there's  no  need  to  replace  it  and  there's  no  need  to  spend  a  lot 
more  money  on  it,  except  to  provide  additional  shuttles  for  the 
future. 

And  with  respect  to  the  future,  the  shuttle  is  the  cornerstone  of 
the  United  States  potential  future  space  program  for  the  next  two 
or  three  decades.  Our  future  in  space  depends  on  it.  It's  more  than 
a  booster;  we  have  done  it  a  great  injustice  to  compare  it  only  as  a 
booster.  Its  excellence  and  its  productivity  lie  in  what  it  can  do  on 
orbit.  The  Russian  system,  as  you  know,  has  a  boost  system;  has  a 
logistics  resupply  vehicle.  It  must  rendezvous  and  dock,  and  it  must 
return  payload  and  crew  to  earth  with  some  degree  of  dignity 
which  the  Russian  system,  of  course,  doesn't  do.  The  shuttle  is  all 
those  things.  It's  not  just  an  ELV;  that's  just  a  sidelight  for  it.  So 
ELV's  don't  compete  with  the  orbiter,  except  in  the  boost  phase. 
For  ELV's  to  compete  with  the  orbiter  is  to  compare  Barishnikov 
to  an  elephant,  in  my  view.  The  orbiter  is  essentially  all  the  things 
we  can  really  do  in  space  rolled  up  into  one. 

We're  just  beginning  to  use  this  manned  machine.  I've  been 
awed  by  the  things  that  we  can  do  in  this  man-machine  combina- 
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tion.  It's  fundamental  to  me  that  the  future  of  space  depends  upon 
manned  machines,  along  with  the  unmanned  machines;  but  man's 
going  to  be  the  key  to  our  progress  as  we  continue  on.  And  shuttle 
makes  the  space  station,  in  that  regard,  and  the  SDI  beginnings 
possible;  without  it,  they  are  not  possible. 

I  believe  also  that  through  it,  primarily,  we  have  the  world  lead 
in  space  right  now.  We  must  use  it  and  do  the  things  with  it  that 
make  it  possible  for  our  society  to  continue  on  to  the  stars,  but 
space  operations  will  never  be  risk  free.  There  is  an  awful  lot  of 
energy  involved,  going  up  and  coming  down,  and  there  are  a  lot  of 
things  to  be  done  on  orbit  that  involve  risk,  not  the  least  of  which 
is  EVA. 

We  must  minimize  that  risk  but  we've  got  to  accept  it  as  being 
with  us  always  in  our  space  decisions. 

It's  amazing  how  quickly  we  forget.  I  can  remember  the  day,  the 
first  flight  with  Crippen  and  Young,  coming  back  on  the  first  mis- 
sion. What  a  tremendous  relief  it  was  to  me  when  they  came  out  of 
blackout;  because  with  all  the  testing  that  we  had  done,  everjrthing 
that  was  within  our  reach  with  respect  to  tunnels,  plasma  jets,  arc 
jets,  everything  else,  we  still  couldn't  duplicate  the  detailed  charac- 
teristics that  this  vehicle  was  expected  to  generate  on  hypersonic 
reentry.  It  was  a  tremendous  relief  and  a  tremendous  engineering 
gratification  for  the  whole  organization  on  how  beautifully  the  ma- 
chine did  perform  in  a  region  in  which  we  had  never  ever  operated 
before,  and  that's  a  lot  of  risk.  No  question  about  it. 

But  we've  done  it,  and  America  is  going  to  have  to  continue  to  do 
that  if  we're  going  to  be  a  bold  space  leader.  We're  going  to  have  to 
make  those  kinds  of  bold  decisions.  We've  got  to  step  up  to  it  like 
we  have  and  not  be  a  timid  also-ran.  And  I  think  the  shuttle's  the 
key  to  that. 

Thank  you  for  bearing  with  me,  Mr.  Chairman.  That  concludes 
my  remarks  and  subsequently  I'll  try  to  handle  more  specifically 
the  questions  that  you  and  your  committee  have. 

[The  prepared  statement  of  Mr.  Jeffs  follows:] 
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Mr.  Chairman  and  membGrs  ot  the  Conunittee.   My  name  is 
George  w.  Jeffs.   I  am  a  vice  president  of  Rockwell 
International  Corporation  and  president  of  Rockwell's  North 
American  Space  Operations,  headquartered  in  El  Sequndo, 
California.   I  have  prime  responsibility  for  programs  and 
products  which  cover  a  wide  range  of  high  technologies  and 
which  are  space  and  energy  related. 

Rockwell  has  been  extensively  involved  in  the  nation's  space 
program  for  over  25  years.   We  were  the  prime  contractor  for 
the  Apollo  command  and  service  modules,  for  the  Saturn  second 
stage,  and  for  all  the  Saturn  engines.  Our  participation  in 
the  Space  Shuttle  program  has  been  equally  extensive.   Our 
Space  Transportation  Systems  Division,  headquartered  in 
Downey,  California,  builds  the  Space  Shuttle  orbiters  and 
assists  NASA  with  orbiter  operations,  mission  operations,  and 
cargo  and  system  integration.   Rockwell's  Rocketdyne 
Division,  headquartered  in  Canoga  Park,  California,  builds 
'the  Space  Shuttle's  main  engines. 

I  will  now  comment  briefly  on  the  five  topics  identified  by 
the  coinniittee  for  discussion. 

First,  regarding  the  work  and  conclusions  of  the  Rogers 
Commission  as  it  relates  to  Rockwell  flight  hardware,  we  are 
aggressively  pursuing  the  recommendations  of  the  Cominiasion . 
Many  of  these  actions  were  in  progress  prior  to  the 
Challenger  accident,  and  some  actions,  resulting  from  our 
internal  reviews,  are  over  and  above  specific  Commission 
recoiTimendat  ions . 
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Second,  under  NASA  direction,  we  have  started  the 
cecertification  process  for  the  orbiter  and  Shuttle  main 
engine  hardware  and  software.   We  are  reviewing  all  design 
requirements  in  light  of  operational  experience/  to  assure 
that  the  previous  certification  tests  are  still  appropriate. 
We  are  also  reviewing  our  failure  mode  effects  analyses 
(FMEA)  and,  where  necessary,  updating  our  Critical  Items  List 
(CIL)  to  reflect  the  latest  operating  conditions.   In  the 
case  of  the  main  engine  we  are  extending  the  analysis  to 
include  a  lower  level  of  detail  parts  and  the  structural 
failure  mode  effects  of  pressure  vessels.   Associated  hazard 
analyses  will  also  be  upgraded.   The  Operations  and 
Maintenance  Requirements  Specification  Document  is  being 
reviewed  in  conjunction  with  the  FMEA  and  CIL,  and  will  be 
updated  to  reverify  that  Criticality  1  hardware  is  thoroughly 
preflight  tested.   A  program-wide  design  certification  review 
is  also  planned  by  NASA  which  will  formalize  the  review 
process  of  the  entire  system,  including  all  nardware  and 
software  modifications  prior  to  the  next  flight. 

Third,  regarding  identification  and    response  to  anomaloii.3 
performance,  a  comprehensive,  detailed  inspection  of  orbiter 
and  engine  hardware  and  review  of  operating  data  are 
performed  before,  during  and  following  each  Shuttle  flight  to 
identify  anomalies.   Any  such  anomalies  oc  others  occurring 
during  separate  qfound  testing  activities  are  formally 
tracked  by  both  Rockwell  and  the  NASA  and  are  resolved  by 
engineering  prior  to  subsequent  flights. 

Fourth,  several  hardware  components  on  both  the  orbltei  and 
main  engines  are  presently  undergoing  modifications  to 
enhance  design  margins  and  increase  operating  life.   The 
principal  orbiter  hardware  which  is  being  modified  at  this 
time  to  support  the  next  flight  is: 
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a.  17-inch  external  tank/orbiter  disconnect — adding  a 
positive  lockinq  feature 

b.  Brakes  —  adding  upgrade  features  to  increase  stopping 
capability  from  12  million  foot-pounds  to  65  million 
foot-pounds 

c.  APU  fuel  isolation  valves — adding  second  valve 
temperature  sensor  for  power  removal  indication 

d.  Reaction  control  system--adding  an  automatic  de-select 
feature  if  jet  instability  is  detected 

e.  Avionics  system  (analog  to  digital  transformation 
chip) --performing  computer  byte  tests  of  the 
multiplexer  output  to  validate  data 

The  following  main  engine  margin  improvements  are  being  made: 

a.  Turbopump  bearings  and  blades^-material  and  process 
changes  and  turbine  blade  dampers  to  increase  life 

b.  Main  combustion  chamber  outlet — nickel  plate  to 
increase  life 

c.  Main  engine  controlier--hardware  and  software  upgrades 

Fifth,  the  specific  modifications  identified  to  date  and 
discussed  above  will  be  completed  in  18  months.   The 
technical  feasibility  of  crew  escape  systems  is  being 
explored.   The  potential  schedule  impact  of  such  systems  has 
not  been  determined  at  this  time. 

The  Space  Shuttle  orbiter  and  its  main  engines  have 
demonstrated  outstanding  performance  due  not  only  to  a  sound 
design  and  test  verification  foundation,  but,  also,  to 
continued  attention  to  detail  in  the  pre  and  post  flight 
inspections,  data  review,  and  anomaly  resolution  process. 
Current  outgoing  actions  in  preparation  for  the  resumption  of 
flight  activities  will  further  enhance  operating  margins. 

Thank  you  for  the  opportunity  to  sp-iak  to  you  today  and  I 
will  be  happy  to  answer  any  questions  you  may  have  for  me. 
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Mr.  Roe.  Thank  you  very  much,  Mr.  Jeffs. 

Our  next  witness  is  Mr.  Richard  Davis,  president,  Martin  Mariet- 
ta Michoud  Aerospace. 

STATEMENT  OF  RICHARD  M.  DAVIS,  PRESIDENT,  MARTIN 
MARIETTA  MICHOUD  AEROSPACE,  NEW  ORLEANS,  LA 

Mr.  Davis.  Mr.  Chairman  and  distinguished  members  of  the  com- 
mittee, I  am  Richard  M.  Davis,  president,  Martin  Marietta  Mi- 
choud Aerospace  in  New  Orleans,  LA,  where  we  manufacture  the 
external  tank  for  the  space  transportation  system.  I  have  with  me 
today  my  director  of  engineering,  Mr.  Jon  Dutton,  and  my  director 
of  product  assurance,  Mr.  Arthur  Welch. 

Our  responsibilities  at  Michoud  Aerospace  cover  the  design,  de- 
velopment, test,  manufacture,  and  delivery  of  the  external  tank, 
the  support  to  the  launch  processing  of  our  hardware  at  the  launch 
sites,  flight  readiness  reviews  and  commitment,  the  analysis  of 
flight  data,  and  corrective  actions  relating  to  any  anomalies  identi- 
fied. We  have  operated  in  this  mode  with  only  one  change  since  the 
external  tank  program  started  in  late  1973.  In  1983,  our  "hands 
on"  external  tank  processing  and  facilities  activation  responsibil- 
ities, which  we  had  performed  since  the  program  began,  were  re- 
duced to  a  review  and  support  activity  to  the  shuttle  processing 
contractor. 

I  have  been  with  the  external  tank  program  for  7  years,  while 
Jon  and  Art  have  been  with  the  program  since  its  start  13  years 
ago.  We  are  extremely  proud  of  the  external  tank  record  of  mission 
success,  quality,  safety,  on  or  ahead  of  time  delivery,  and  cost  re- 
duction through  productivity  improvements. 

I  will  present  summary  answers  to  your  five  questions  in  my 
opening  rem.arks,  commenting  only  briefly  on  the  charts  provided. 
You  may  wish  to  call  back  some  of  those  charts  when  I  finish,  and 
all  three  of  us  are  prepared  to  respond  to  your  questions  in  our  re- 
spective areas  of  expertise  and  program  knowledge. 

Your  first  question  was,  "Your  assessment  of  the  work  and  con- 
clusions of  the  Rogers  Commission  as  it  relates  to  your  flight  hard- 
ware." 

Since  we  have  received  only  volume  I  of  the  Commission  report,  1 

will  limit  my  comments  to  that  volume. 

In  providing  very  close  support  to  the  NASA  investigation  teams 
formed  as  a  result  of  the  51-L  accident,  we  attended  numerous 
meetings  between  the  NASA  and  Commission  panel  members.  In 
addition,  we  met  directly  with  members  of  the  Commission  on  two 
occasions.  The  first  time  was  on  March  13  at  Washington  in  an  in- 
formal session  to  present  our  conclusions  that  there  was  no  possi- 
bility that  a  liquid  hydrogen  leak  from  the  external  tank  contribut- 
ed to  the  accident.  The  second  time  was  on  April  8  and  9  at  Mi- 
choud in  formal  testimony  relative  to  the  development  and  produc- 
tion of  the  external  tank. 

On  the  basis  of  our  internal  investigations  and  support  to  the 
NASA  investigations,  we  agree  totally  with  the  Commission  finding 
that  the  external  tank  did  not  cause,  or  contribute  to  the  cause,  of 
the  51-L  accident.  We  also  have  no  disagreement  with  the  Commis- 
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sion  conclusions  relative  to  our  flight  hardware,  which  I  will  dis- 
cuss in  the  later  questions.    .» 

The  Commission  also  addressed  the  issue  of  launch  processing 
and  involvement  of  the  development  contractors  in  that  processing. 
They  concluded  that  the  establishment  of  a  single  shuttle  process- 
ing contractor,  prompted  in  part  by  both  the  assumption  of  the 
space  shuttle  being  operational  and  the  objective  of  reducing  oper- 
ational costs,  is  inconsistent  with  the  developmental  nature  of 
much  of  the  flight  and  ground  support  hardware.  They  also  felt 
that  the  development  contractor's  commitment  to  launch  should  be 
complete  and  unequivocal. 

The  current  role  we  perform  at  Kennedy  Space  Center,  support 
services  only,  does  not  provide  us  with  total  visibility  of  all  events 
affecting  our  hardware  and  forces  us  to  rely  heavily  on  review  of 
documentation  after  the  fact  for  our  determination  of  launch  readi- 
ness. Working  in  this  mode  of  oversight  and  review  does  not  allow 
us  to  take  total  advantage  of  our  technical  skills  and  knowledge  of 
the  flight  hardware  to  ensure  mission  success.  We  agree  with  the 
Commission  that  the  development  contractor's  responsibility 
should  be  "beginning  to  end"  to  give  the  maximum  assurance  of 
flight  safety.  We  believe  that  it  is  essential  that  we  again  resume 
the  responsibility  for  those  functions  which  directly  involve  proc- 
essing the  ET  flight  hardware,  including  engineering,  quality,  plan- 
ning, and  inputs  to  the  KSC  flight  readiness  reviews. 

I'll  depart  a  little  bit  here  from  the  text  to  indicate  that  I  have 
specifically  pointed  out  those  latter  things — the  engineering  and  so 
forth — because  the  SPC  at  this  time  works  in  a  mode  of  a  pool  of 
engineering  that  services  all  contractors,  and  we  believe  that  is  not 
the  right  way  to  do  the  job. 

This  could  be  done  either  under  contract  to  the  SPC,  as  the  Com- 
mission implied,  or  directly  to  the  NASA/KSC.  Only  with  such  a 
change  can  a  complete  and  unequivocal  launch  commitment  from 
the  shuttle  development  contractors  be  achieved. 

The  Commission  also  recommended,  and  the  NASA  has  an- 
nounced, the  formation  of  a  combined  Safety,  Reliability,  and  Qual- 
ity Assurance  Office  reporting  directly  to  the  Administrator  of 
NASA.  We  support  these  actions  and  believe  that  the  office  should 
function  in  a  strong  oversight  role  and  in  a  manner  that  the  re- 
sponsibility for  insuring  flight  safety  remains  squarely  on  the 
shoulders  of  the  NASA  project  officers  and  their  contractors.  As 
such,  at  the  flight  readiness  reviews,  this  office  should  not  be  asked 
to  commit  that  the  system  is  ready  to  fly,  but  rather  to  declare 
whether  all  significant  items  have  been  presented,  whether  they 
agree  with  the  resolutions  reached,  and  whether  they  have  any 
reasons  that  the  launch  should  not  proceed.  This  may  seem  like  a 
fine  point,  but  I  believe  it  is  very  important. 

At  Michoud  Aerospace,  these  functions — safety,  reliability,  and 
quality  assurance — are  combined  under  Mr.  Arthur  Welch,  the  di- 
rector of  product  assurance,  reporting  directly  to  me,  and  we  oper- 
ate in  the  above  fashion.  In  addition,  I  have  a  director  of  mission 
success  reporting  to  me  who  structures  our  flight  readiness  reviews 
and  provides  an  independent  assessment  of  the  completeness  and 
adequacy  of  our  prelaunch  activities. 
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I  might  divert  a  little  bit  to  indicate  that  mission  success  is  a 
way  of  life  at  Michoud.  It  drives  all  our  decisions.  Clearly,  mission 
success  is  much  more  important  to  us  than  cost  or  schedule. 

Your  second  question  was,  "What  efforts  you  have  underway  to 
recertify  your  flight  hardware." 

Our  approach  to  recertification  of  the  flight  hardware  requires 
that  we  critically  re-review  all  aspects  of  the  external  tank  develop- 
ment, manufacturing,  and  flight  program.  Chart  1  shows  the  six 
major  elements  of  this  approach  and  how  it  reflects  and  supports 
the  NASA  recertification  plans,  including  those  identified  in  Admi- 
ral Truly 's  "Return  to  Flight  Status"  memo. 

For  the  FMEA/CIL-Hazard  Analysis  element,  in  addition  to  the 
re-review  by  Michoud  Aerospace,  Marshall  Space  Flight  Center  has 
contracted  with  Rockwell  for  a  totally  independent  analysis,  pro- 
viding another  degree  of  assurance.  Coordination  with  the  Mar- 
shall Space  Flight  Center  External  Tank  Project  Office  on  all  these 
elements  of  recertification  is  accomplished  by  weekly  telecons  and 
formal  periodic  reviews. 

Your  third  question  was,  "How  your  firm  identified  and  respond- 
ed to  anomalous  performance  of  flight  hardware  prior  to  51-L." 

Chart  2  shows  the  sources  of  data  analyzed  on  each  flight  to 
identify  anomalies,  who  at  Michoud  Aerospace  and  NASA  per- 
formed these  analyses,  and  the  formal  method  of  documenting  and 
dispositioning  these  anomalies  properly  prior  to  the  next  flight. 

Charts  3  and  4  identify  the  external  tank  hardware  on  which 
flight  anomalies  occurred,  the  criticality  classification  of  the  hard- 
ware, the  type  of  failures  that  occurred,  and  the  corrective  actions 
taken.  Our  most  troublesome  items  have  been  the  pressure  trans- 
ducers, a  criticality-lR  item,  and  the  thermal  protection  system. 
TPS  was  not  previously  assigned  a  criticality  classification.  Data  on 
the  transducers  is  received  on  each  flight,  while  separation  photos 
of  the  TPS  have  been  obtained  on  only  6  of  the  18  lightweight  tank 
flights.  As  such,  we  must  infer  from  the  orbiter  tile  damage  wheth- 
er TPS  has  been  lost.  Since  tile  damage  can  come  from  many 
sources  of  debris — the  launch  pad,  the  solid  rocket  boosters,  the  or- 
biter itself,  and  the  landing  strip — this  is  not  an  easy  task.  Correc- 
tive actions  have  been  taken  as  shown  for  both  the  transducers  and 
the  TPS. 

We  also  look  at  the  hardware  anomalies  during  build  and  test  at 
our  suppliers  and  at  the  Michoud  assembly  facility  to  establish 
trend  data  and  possible  correlation  with  flight  anomalies.  This  data 
is  analyzed  to  determine  preventive  actions  as  well  as  corrective  ac- 
tions; for  example,  the  similarity  of  ullage  transducer  failures  in 
flight  and  during  acceptance  test  at  the  supplier  indicated  a  manu- 
facturing problem.  As  a  result,  we  improved  the  manufacturing 
methods  as  well  as  the  inspection  and  test  requirements. 

Your  fourth  question  was,  "What  is  being  done  now  to  correct 
design  deficiencies  or  improve  operating  performance  margins  in 
any  of  your  flight  hardware?" 

The  external  tank  has  been  designed  and  qualified  to  withstand 
125  to  140  percent  of  the  maximum  expected  applied  design  loads 
and  environments.  These  include  overall  vehicle  loads,  aerodynam- 
ic, pressure,  vibration  and  acoustic  loads,  and  applied  thermal  heat 
loads.  A  review  of  the  previous  flights  indicates  that  the  maximum 
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actual  load  was  92  percent  of  the  design  load,  and  the  applied  heat- 
ing rates  have  been  no  greater  than  76  percent  of  the  design  re- 
quirements. Additionally,  the  propellant  loading  accuracy  for  the 
external  tank  is  0.2  and  0.25  percent  as  compared  to  0.41  and  0.3 
percent  specification  requirement  for  the  liquid  oxygen  and  liquid 
hydrogen  tanks,  respectively.  The  propellant  interface  parameters, 
pressure  and  temperature,  between  the  external  tank  and  the  or- 
biter  are  being  maintained  well  within  the  specification  require- 
ments. All  of  the  propulsion  and  electrical  components  have  been 
qualified  to  the  predicted  environments.  To  date,  the  ongoing  re- 
views have  not  indicated  any  areas  where  operating  performance 
needs  to  be  improved. 

The  external  tank  hardware  currently  undergoing  evaluation  for 
design  improvement  is  shown  on  charts  5  and  6.  These  charts  iden- 
tify the  criticality  classification,  the  type  of  failure  modes  of  con- 
cern, whether  we  have  experienced  that  failure  mode  in  qualifica- 
tion or  in  flight,  and  the  redesign  approaches  under  study. 

There  are  "use  as  is"  options  which  could  be  viable  choices  if  it  is 
decided  that  the  alternatives  present  increased  risk.  For  example, 
the  current  mechanical  transducer  failure  mode  is  a  "soft  failure 
mode"  which  results  in  a  temporary  loss  in  data  or  a  small  error  in 
the  data,  which  is  preferable  to  a  hard  failure  which  results  in 
total  loss  of  data.  One  of  the  options,  the  electronic  transducer, 
does  have  potential  hard  failure  modes. 

The  range  safety  system  is  not  listed  because  of  any  known 
defect  in  the  design  or  hardware.  We  believe  it  has  been  well  de- 
signed and  that  we  have  adequately  protected  the  linear  shaped 
charges.  Level  II  is  reevaluating  the  requirements  for  the  system  to 
remain  on  the  external  tank.  Removal  of  the  system  would  elimi- 
nate one  more  in-flight  hazard.  We  hope  this  can  be  done. 

We  have  listed  the  17-inch  disconnects,  provided  to  us  and  cur- 
rently under  study  by  Rockwell,  since  it  is  pertinent  to  answering 
your  next  question  on  schedule.  Details  on  the  failure  modes  or  im- 
provements should  be  obtained  from  Rockwell. 

Your  fifth  question  was,  "Your  estimates  of  the  time  that  will  be 
required  to  complete  the  above  tasks  and  have  your  flight  hard- 
ware ready  to  reinstitute  flight  operations." 

Yesterday,  Dr.  Fletcher  announced  early  1988  as  their  new  flight 
date.  My  next  statements,  which  refer  to  July  1987,  obviously  are 
then  true  for  the  1988  date. 

Completion  of  the  recertification  tasks,  including  the  formal 
design  certification  review  in  1987,  has  been  structured  to  support 
the  current  July  1987  next  launch  date.  While  not  all  the  design 
improvement  options — those  are  hardware  options — could  meet 
that  date,  we  believe  we  have  viable  hardware  options  available 
which  would  support  a  safe  flight  in  July  1987.  However,  we  need 
to  point  out  that  the  rereview  activities  are  still  in  progress,  and 
that  this  evaluation  is  based  only  upon  the  hardware  design  im- 
provements identified  previously. 

In  the  case  of  the  17-inch  disconnects,  we  must  defer  to  Rockwell 
for  schedule.  However,  we  can  state  that  if  the  interfaces  with  the 
external  tank  remain  the  same,  we  can  remove  and  replace  the  17- 
inch  disconnects  in  about  30  days,  and  that  it  should  be  done  before 
mating  with  the  orbiter. 
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While  July  1987  is  the  current  planning  date  for  the  next 
launch,  I  am  confident  that,  as  Admiral  Truly  has  stated,  we  will 
fly  only  when  it  is  safe  to  do  so. 

We  would  now  welcome  any  questions  about  the  material  pre- 
sented or  any  other  subject  of  interest  to  the  committee. 

[The  prepared  statement  of  Mr.  Davis  follows:] 
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OPENING  STATEMENT 

Mr.  Chairman  zind  Distinguished  Members  of  the  Committee. 

I  am  Richau'd  M.  Davis,  President  of  Martin  Mzuietta  Michoud  Aerospace  in  New 
Orleans,  Louisiana  \where  we  manufacture  the  External  Tank  for  the  Space 
Transportation  System.   I  have  with  me  today  my  Director  of  Engineering,  Mr.  Jon 
Dutton  and  my  Director  of  Product  Assurance,  Mr.  Arthur  Welch. 

Our  responsibilities  at  Michoud  Aerospace  cover  the  design,  development,  test, 
manufacture  and  delivery  of  the  External  Tank,  the  support  to  the  launch  processing 
of  our  h2irdware  at  the  launch  sites,  flight  reauiiness  reviews  and  commitment,  the 
analysis  of  flight  data,  and  corrective  actions  relating  to  any  anomalies  identified. 
We  have  operated  in  this  mode  with  only  one  change  since  the  Extemail  Tank 
program  started  in  late  1973.   In  1983  our  "hands  on"  External  Tank  processing  and 
facilities  activation  responsibilities,  which  we  hcid  performed  since  the  program 
began,  were  reduced  to  a  review/support  activity  to  the  Shuttle  Processing 
Contractor. 

I  have  been  with  the  ET  programti  for  7  years  while  Jon  and  Art  have  been  with  the 
program  since  its  start  13  years  ago.  We  are  extremely  proud  of  the  External  Tank 
record  of  Mission  Success,  quality,  safety,  on/ahead  of  time  delivery,  and  cost 
reduction  through  productivity  improvements. 

I  will  present  summary  answers  to  your  5  questions  in  my  opening  remarks 
commenting  only  briefly  on  the  charts  used.  You  may  wish  to  call  back  some  of 
those  cheuits  when  I  finish  and  all  three  of  us  are  prepeired  to  respond  to  your 
questions  in  our  respective  eseas  of  expertise  and  program  knowledge. 

Yo\ar  first  question  was:  "Your  assessment  of  the  work  and  conclusions  of  the 
Rogers  Commission  as  it  relates  to  your  flight  hardware." 

Since  we  have  received  only  Volxune  I  of  the  Commission  report,  I  will  limit  my 
comments  to  that  Volume. 

In  providing  very  close  support  to  the  NASA  investigation  tejunns,  formed  as  a 
result  of  the  51-L  accident,  we  attended  numerous  meetings  between  the  NASA  and 
Commission  panel  members.   In  addition  we  met  directly  with  members  of  the 
Commission  on  two  occasions.  The  first  time  was  on  March  13  at  Washington  in  an 
informed  session  to  present  our  conclusions  that  there  was  no  possibility  that  a  liquid 
hydrogen  leak  from  the  External  Tank  contributed  to  the  accident.  The  second  time 
was  on  April  8  and  9  at  Michoud  in  formal  testimony  relative  to  development  and 
production  of  the  External  Tank. 

On  the  basis  of  our  internal  investigations  and  support  to  the  NASA 
investigations,  we  agree  totally  with  the  Commission  finding  that  the  External  Tank 
did  not  cause,  or  contribute  to  the  cause  of  the  51-L  accident.  We  also  have  no 
disagreement  with  the  Commission  conclusions  relative  to  our  flight  tuu-dware  which 
I  will  suidress  in  the  later  questions. 
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The  Commissicjn  also  addressed  the  issue  of  launch  processing  and  involvement 
of  the  development  contractors  in  that  processing.  They  concl\ided  that  the 
establishment  of  a  single  Shuttle  Processing  Contractor  (SPC),  prompted  in  part  by 
both  the  assumption  of  the  Space  Shuttle  being  operational  and  the  objective  of 
reducing  operational  costs,  is  inconsistent  with  the  developmental  nature  of  much  of 
the  flight  and  ground  support  h2irdw2u-e.  They  also  felt  that  the  development 
contractor's  commitment  to  launch  should  be  complete  and  unequivocal. 

The  cxnrent  role  we  perform  at  Kennedy  Space  Center  (support  services  only) 
does  not  provide  us  with  totad  visibility  of  all  events  affecting  our  hardwzire  and 
forces  us  to  rely  heavily  on  review  of  documentation  eSter  the  fact  for  our 
determination  of  launch  resuiiness.  Working  in  this  mode  of  oversight  and  review 
does  not  allow  xis  to  take  total  advantage  of  our  technical  skills  and  knowledge  of 
the  flight  hardware  to  insure  mission  success.  We  eigree  with  the  Commission 
finding  that  the  development  contractor's  responsibility  should  be 
"beginning-to-end"  to  give  the  maximrm  assurance  of  flight  safety.  We  believe  that 
it  is  essential  that  we  again  resume  the  responsibility  for  those  functions  which 
directly  involve  processing  the  ET  flight  hardware,  including  engineering,  quality, 
planning,  and  inputs  to  the  KSC  flight  readiness  reviews.  This  could  be  done  either 
under  contract  to  the  SPC  as  the  Commission  implied  or  directly  to  the  NASA/KSC. 
Only  with  such  a  change  can  a  complete  and  imequivocal  launch  commitment  from 
the  Shuttle  development  contractors  be  achieved. 

The  Commission  <ilso  recommended,  and  the  NASA  has  announced,  the 
formation  of  a  combined  Safety,  Reliability,  and  Quality  Assurance  Office  reporting 
directly  to  the  Administrator  of  NASA.  We  support  these  actions  and  believe  that 
the  Office  should  function  in  a  strong  oversite  role  and  in  a  manner  that  the 
responsibility  for  ensuring  flight  safety  remeuns  squarely  on  the  shoiilders  of  the 
NASA  projects  and  their  contractors.   As  such,  at  the  Flight  Reaidiness  Reviews  this 
Office  should  not  be  asked  to  commit  that  the  system  is  ready  to  fly,  but  instead  to 
declare  whether  all  significant  items  have  been  presented,  whether  they  agree  with 
the  resolutions  reached,  and  whether  they  have  any  reasons  that  the  launch  should 
not  proceed.  This  may  seem  like  a  fine  point,  but  I  believe  it  is  very  important. 

At  Michovid  Aerospace  these  fxmctions  (Szifety,  Reliability  and  Oiiality 
Assurance)  zu"e  combined  under  Mr.  Arthur  Welch  the  Director  of  Product 
Assurance,  reporting  directly  to  me  zmd  we  operate  in  this  fzishion.  In  auldition,  I 
have  a  IMrector  of  Mission  Siiccess  reporting  to  me  who  structures  ovir  Flight 
Readiness  Reviews  and  provides  an  independent  assessment  of  the  completeness  and 
adequacy  of  our  pre-lavnch  activities. 

Your  second  question  was:  "What  efforts  you  have  underway  to  recertify  your 
flight  hardware?" 

Our  approach  to  recertification  of  the  flight  hardware  requires  that  we 
critically  re-review  all  aspects  of  the  External  Tank  development,  manufacturing 
and  flight  program.   Chart  1  shows  the  six  major  elements  of  this  approach  and  how 
it  reflects  and  supports  the  NASA  recertification  plans  including  those  Identified  in 
Admiral  Truly's  "Return  to  Flight  Stattis"  memo. 


Page  2 


26 


For  the  FMEA/CIL  -  Heizard  Analysis  element,  in  auidition  to  the  re-review  by 
Michoud  Aerospace,  MSFC  has  contracted  with  Rockwell  for  a  totally  independent 
analysis,  providing  another  degree  of  eissurance.   Coordination  with  the  Marshall 
Space  Flight  Center  Extemzil  Temk  Project  Office  on  all  these  elements  of 
recertification  is  accomplished  by  weekly  telecons  and  formal  periodic  reviews. 

Yovir  third  question  was:  "How  your  firm  identified  and  responded  to 
anomalous  performance  of  flight  hardware  prior  to  51-L?" 

Cheirt  2  shows  the  sources  of  data  analyzed  on  each  flight  to  identify  Jinomalies, 
who  at  Michoud  Aerospace  and  NASA  performed  these  analyses,  and  the  formal 
method  of  documenting  and  dispositioning  these  anomalies  properly  prior  to  the  next 
flight. 

Charts  3  amd  4  identify  the  External  Tank  hardwau-e  on  which  flight  anomalies 
occurred,  the  criticaility  classification  of  the  hardware,  the  type  of  failures  that 
occurred,  emd  the  corrective  actions  taken.   Our  most  troublesome  items  have  been 
the  pressure  transducers,  a  Criticality  IR  item,  and  the  Thermal  Protection  System 
(TPS).  TPS  was  not  previo\asly  eissigned  a  criticality  classification.   Data  on  the 
transducers  is  received  on  each  flight,  while  sepairation  photos  of  the  TPS  have  been 
obtained  on  only  6  of  the  18  Light  Weight  Tank  flights.   As  such,  we  must  infer  from 
Orbiter  tile  damage  whether  TPS  has  been  lost.   Since  tile  damage  can  come  from 
many  sources  of  debris  (launch  pad,  SRB,  Orbiter  itself,  and  landing  strip),  this  is 
not  an  easy  task.  Corrective  actions  have  been  taken  as  shown  for  both  transducers 
and  TPS. 

We  also  look  at  the  hardware  anomailies  during  build  and  test  at  o\3r  suppliers 
and  at  MAF  to  establish  trend  data  and  possible  correlation  with  fliglA  anomalies. 
This  data  is  amalyzed  to  determine  preventive  actions  as  well  as  corrective  actions. 
For  example,  the  similarity  of  ullage  transducer  failures  in  flight  and  during 
accepteince  test  at  the  supplier  indicated  a  manufacturing  problem.   As  a  result,  we 
improved  the  manufacturing  methods  as  well  as  the  inspection  and  test  requirements. 

Your  foxirth  question  wais:  "What  is  being  done  now  to  correct  design 
deficiencies  or  improve  operating  performance  margins  in  any  of  your  flight 
hardware?" 

The  Extemail  Tank  has  been  designed  and  qualified  to  withstand  125%  to  140% 
of  the  maximum  expected  applied  design  loads  and  environments.  These  include 
overall  vehicle  loads,  aerodynaimic,  pressure,  vibration  and  acoustic  loads  and 
applied  thermal  heat  loads.  A  review  of  previous  flights  indicate  that  the  maximum 
actuail  load  was  92%  of  the  design  load  and  the  applied  heating  rates  have  been  no 
greater  than  76%  of  the  design  requirements.   Additionally,  the  propellant  loading 
accuracy  for  the  External  Tank  is  0.20%  and  0.25%  as  compared  to  0.41%  and  0.30% 
specification  reqviirement  for  the  LO  and  LH  tanks  respectively.  The  propellant 
interface  parameters,  press\ire  and  temperature,  between  the  Extemail  Tank  and  the 
Orbiter  are  being  maintained  well  within  the  specification  requirements.   All  of  the 
propiolsion  and  electricail  components  have  been  qualified  to  the  predicted 
environments.  To  date  the  ongoing  reviews  have  not  indicated  any  areas  where 
operating  performance  margins  need  to  be  improved. 
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The  External  Tank  hardware  currently  undergoing  evaluation  for  design 
improvement  is  shown  on  charts  5  and  6.  These  charts  identify  the  criticality 
classification,  the  type  of  failure  modes  of  concern,  whether  we  have  experienced 
that  fadlure  mode  in  qualification  or  flight,  and  the  redesign  approaches  under  study. 

There  are  use-eis-is  options  which  could  be  viable  choices  if  it  is  decided  that 
the  alternatives  present  increcised  risk.  For  excimple,  the  c\irrent  mechanical 
transducer  failure  mode  is  a  "soft  failure  mode"  which  results  in  temporary  loss  of 
data  or  a  small  error  in  the  data,  which  is  preferable  to  a  hard  f ailvwe  which  results 
in  total  loss  of  data.   One  of  the  options,  the  electronic  transducer,  does  have 
potential  hzu-d  failure  modes. 

The  Range  Seif ety  System  is  not  listed  becaxise  of  any  known  defect  in  the 
design  or  hardware.  We  believe  it  has  been  well  designed  and  that  we  have 
adequately  protected  the  linear  shaped  charges.   Level  II  is  reevaliiating  the 
requirements  for  the  system  to  remain  on  the  Extemsil  Tank.   Removal  of  the 
system  would  eliminate  one  more  in-flight  hazard.  We  hope  this  can  be  done. 

We  have  listed  the  17"  Disconnects,  provided  to  us  and  currently  under  study  by 
Rockwell,  since  it  is  pertinent  to  answering  your  next  question  on  schedule.  Details 
on  the  failure  modes  or  improvements  should  be  obtained  from  Rockwell. 

Your  fifth  question  was:  "Your  estimates  of  the  time  that  will  be  required  to 
complete  the  above  tasks  and  have  your  flight  hardware  rea<fy  to  reinstitute  flight 
(^>erations?" 

Completion  of  the  recertification  tasks,  including  the  formal  Design 
Certification  Review  in  1987,  has  been  structiired  to  support  the  current  Jxoly  1987 
next  launch  date.  While  not  all  the  design  improvement  options  coiild  meet  that 
date  ,we  believe  we  have  viable  hardware  options  avzulable  which  would  support  a 
safe  flight  in  July  1987.   However,  we  need  to  point  out  that  the  re-review 
activities  are  still  in  progress,  and  that  this  evaluation  is  based  only  \q)on  the 
hardweu-e  design  improvements  identified  previously. 

In  the  case  of  the  17"  Disconnects  we  must  defer  to  Rockwell  for  schedule 
information.   However,  we  can  state  that  if  the  interfaces  with  the  External  Tank 
remain  the  same,  we  can  remove  and  replace  the  IT'  Disconnects  in  about  30  days 
and  that  it  should  be  done  before  mating  the  External  Tank  with  the  Orbiter. 

While  Jxily,  1987  is  the  current  planning  date  for  the  next  laxmch,  I  am 
confident,  that  as  Admiral  Tnily  has  stated,  we  will  fly  only  when  it  is  safe  to  do 
so.  We  would  now  welcome  any  questions  about  the  material  presented  or  any  other 
subject  of  interest  to  the  Committee. 
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Mr.  Roe.  I  thank  the  gentleman. 
Mr.  Murphy 

STATEMENT  OF  GEORGE  J.  MURPHY,  EXECUTIVE  VICE  PRESI- 
DENT AND  GENERAL  MANAGER,  USBI  BOOSTER  PRODUCTION 
CO.,  TITUSVILLE,  FL,  SUBSIDIARY  OF  UNITED  TECHNOLOGIES 
CORP. 

Mr.  Murphy.  Mr.  Chairman,  distinguished  members  of  the  com- 
mittee, I  am  George  J.  Murphy,  executive  vice  president  and  gener- 
al manager  of  the  Booster  Production  Co.,  a  wholly  owned  subsidi- 
ary of  United  Technologies  Corp.,  and  have  been  associated  with 
the  company  for  8  years,  and  the  program  as  well.  Also  attending 
with  me  today  are  Mr.  Gene  Cagle,  the  Booster  Production  Co.  pro- 
gram manager,  who  has  held  this  position  for  5  years;  and  Mr.  Don 
Reed,  the  BPC  SRB  chief  engineer,  who  has  been  associated  with 
the  program  for  9  years. 

I  am  here  today  to  provide  the  committee  an  understanding  of 
our  contractual  commitments  in  support  of  NASA's  Space  Trans- 
portation System  solid  rocket  boosters,  and  to,  first,  assess  the  con- 
clusions of  the  Rogers  Commission  as  it  relates  to  the  SRB  flight 
hardware  for  which  the  Booster  Production  Co.  is  responsible; 
second,  discuss  the  efforts  that  the  Booster  Production  Co.  has  un- 
dertaken to  recertify  the  flight  hardware;  third,  to  outline  the 
methods  and  analyses  used  to  identify  and  respond  to  the  anoma- 
lous performance  of  flight  hardware  prior  to  51-L;  fourth,  explain 
what  is  being  done  and  what  will  be  done  to  correct  design  defi- 
ciencies and/or  improve  the  operating  performance  margins  in  the 
SRB  flight  hardware;  and,  fifth,  estimate  the  time  required  to  com- 
plete the  recertification  task  prior  to  flight  operations  being  rein- 
stituted. 

First,  I  would  like  to  give  you  some  of  the  background  defining 
our  role  in  the  shuttle  program.  The  USBI  Booster  Production  Co. 
and  its  predecessor  company.  United  Space  Boosters,  have  been 
under  contract  since  December  1976  with  the  George  C.  Marshall 
Space  Flight  Center  to  assemble  and  refurbish  solid  rocket  boosters 
for  reuse.  This  excludes  the  solid  rocket  motor.  The  original  con- 
tract required  USBI  to  assemble,  recover,  disassemble,  and  refur- 
bish six  SRB  flight  sets  of  hardware  designed  and  furnished  by 
NASA/Marshall.  The  SRB  hardware  development  and  design  veri- 
fication had  been  performed  by  NASA/Marshall.  Beginning  with 
the  seventh  flight,  STS-7,  USBI  also  assumed  responsibility  for  the 
procurement  of  the  flight  hardware — excluding,  again,  the  solid 
rocket  motor. 

The  production  contract  required  USBI  to  furnish  a  total  of  20 
SRB  flight  sets  to  NASA/ Marshall,  and  our  current  contract  pro- 
vides for  an  additional  64  flight  sets,  for  an  overall  total  of  84  flight 
sets.  In  January  1984,  the  SRB  recovery  and  disassembly  functions 
became  the  responsibility  of  the  Kennedy  Space  Center  Shuttle 
Processing  Contractor. 

The  SRB  has  six  major  subsystems,  as  shown  on  the  SRB  pictori- 
al, which  are  the  responsibility  of  the  Booster  Production  Co.  for 
procurement,  refurbishment,  and  assembly.  These  subsystems  are 
structures — these  are  on  the  right-hand  side  of  the  pictorial,  and 
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they  include  the  nose  cap,  the  frustum,  the  forward  skirt,  the  aft 
skirt,  the  system  tunnel;  the  decelerator  system,  at  the  top  left  of 
the  pictorial — it  is  the  pilot  and  drogue  chutes,  the  altitude  switch 
and  the  main  parachutes;  the  electronic  and  instrumentation 
system  is  below  that,  and  this  includes  the  forward  lEA,  which  is 
the  integrated  electronic  assembly;  the  rate  gyros;  the  sensor  timer 
unit,  batteries,  and  cables. 

The  thrust  vector  control  system,  which  is  at  the  bottom  of  the 
left-hand  side— this  includes  basically  the  guidance  system  for  the 
SRB.  The  range  safety  system,  which  includes  the  panel  and  anten- 
nas and  the  linear  shaped  charge,  and  then  the  separation  system 
itself,  which  contains  the  forward  booster  separation  motors  in  the 
frustum,  and  then  the  aft  booster  separation  motors,  is  located  in 
the  aft  skirt. 

In  addition  to  the  assembly,  refurbishment,  and  delivery  of  the 
described  flight  hardware,  Booster  Production  Co.  also  provides 
design  and  sustaining  engineering.  Liaison  and  launch  site  support 
are  provided  to  NASA,  the  shuttle  processing  contractor,  and  to 
Vandenberg  Air  Force  Base  to  assure  that  a  common  understand- 
ing exists  as  pertains  to  the  system  design,  operational  require- 
ments, and  limitations  of  the  hardware  furnished,  and  to  ensure 
compatibility  of  checkout  procedures  and  anomaly  resolution. 

The  following  is  in  answer  to  your  first  question  regarding  the 
Rogers  Commission  work  and  conclusions. 

Because  of  our  mission  responsibility  to  support  the  launch  oper- 
ations at  KSC  and  the  Huntsville  Operation  Support  Center— 
HOSC— in  Huntsville,  our  key  managers  and  engineers  were  on 
station  when  the  51-L  accident  occurred.  We  immediately  imple- 
mented the  SRB  anomaly  investigation  plan  at  USBI  Booster  Pro- 
duction Co.  and  were  on  site  in  the  HOSC  to  assist  NASA/Marshall 
in  the  establishment  and  staffing  of  an  SRB  contingency  team.  Our 
personnel  cochaired  six  subteams  and  provided  technical  expertise 
to  formulate  and  plan  the  SRB  subsystem  investigations.  We  imme- 
diately impounded  all  of  the  51-L  related  records  and  data,  and 
during  the  ensuing  weeks  of  investigations,  our  personnel  not  only 
scrutinized  the  myriad  of  detailed  records  of  51-L,  but  technically 
challenged  the  design,  failure  modes  and  effects  analyses,  and  po- 
tential SRB  failure  trees  that  could  have  contributed  to  the  51-L 
accident.  The  United  Technologies  Corporate  Office  organized  a 
multidisciplined  team  of  engineers  to  conduct  an  independent  audit 
of  the  Booster  Production  actions  related  to  the  51-L  assembly  and 
test  operations,  as  well  as  review  all  engineering  decisions  relating 
to  the  51-L  hardware  disposition.  We  were  pleased  with  our  find- 
ings and  those  of  the  Marshall  teams  on  which  we  served,  in  that 
the  SRB  hardware  provided  by  USBI-BPC  for  51-L  was  built  and 
processed  in  accordance  with  the  design  requirements.  The  review 
showed  that  our  systems  of  control  were  in  place  and  functioned 
properly.  In  regard  to  the  Rogers'  Commission  work  and  conclu- 
sions relative  to  our  hardware  not  contributing  to  or  causing  the 
accident,  we  are  in  agreement  with  the  Commission's  findings.  As 
stated  above,  our  findings  developed  jointly  with  NASA/Marshall 
and  independently  corroborated  by  the  United  Technologies  team 
showed  that  our  SRB  hardware  did  not  contribute  to  the  51-L  acci- 
dent. 
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I  will  now  answer  your  second  question  regarding  recertification. 

The  design  and  verification  of  the  SRB  was  performed  by  NASA/ 
Marshall.  During  the  contract  evolution  with  USBI-Booster  Produc- 
tion Co.,  the  responsibility  for  new  designs  has  been  vested  in  our 
company  but  the  original  certification  of  the  SRB  was  a  NASA  re- 
sponsibility. We  are  using  this  opportunity  to  not  only  recertify  the 
flight  hardware,  but  to  conduct  analyses  sufficient  to  allow  the 
Booster  Production  Co.  to  certify  the  basic  requirements,  applica- 
tion of  those  requirements,  and  hence,  hardware  certification.  To 
that  end  we  have  developed  and  are  implementing  an  extensive 
program  of  recertification. 

The  recertification  has  three  primary  elements  which  follow  a 
logical  progression  of  evaluation.  First,  we  will  reestablish  the 
basic  design  requirements  from  level  II  and  level  III.  Second,  we 
will  establish:  a  verification  program  based  upon  those  require- 
ments. And  third,  we  will  reestablish  that  the  design  and  the  hard- 
ware are  in  compliance  with  the  first  two  elements. 

Key  activities  to  be  performed  as  we  recertify  the  SRB  will  in- 
clude the  traceability  of  all  the  requirements  into  all  levels  of  SRB 
design  and  system  environments,  verification  of  the  SRB  design 
data  base  and  analyses,  establishment  of  tools  such  as  the  failure 
modes  and  effects  analysis,  and  validation  that  our  paper  systems 
have  properly  incorporated  requirements,  constraints,  and  criteria. 
Within  the  scope  of  this  recertification  are  many  other  tasks 
which  are  necessary  to  ascertain  the  status  of  the  hardware,  estab- 
lish test  and  inspection  criteria,  and  validate  all  of  our  subcontrac- 
tors' processes,  as  well  as  those  of  the  Booster  Production  Co.  These 
activities  comprise  a  long  and  tedious  task  that  will  require  at  least 
a  year  to  accomplish.  I  will  discuss  the  schedule  in  some  detail 
later,  but  suffice  it  to  say  we  are  well  underway  on  many  of  the 
major  tasks  and  have  a  master  plan  leading  to  a  design  certifica- 
tion review  with  NASA/ Marshall  in  April  1987.  This  master  plan 
has  been  the  evolutionary  result  of  combined  Booster  Production 
Co.  and  NASA/Marshall  thinking  and  within  its  scope  are  all  the 
necessary  elements  for  full  recertification  of  the  SRB  prior  to  the 

next  launch.  , 

Regarding  your  third  question,  the  Booster  Production  Co.  s  abili- 
ty to  identify  and  respond  to  anomalous  performance  of  flight  hard- 
ware has  been  enhanced  and  reinforced  in  the  last  few  years. 
Within  our  program  management  structure,  we  have  subsystem 
managers  who  have  many  years  of  experience  in  the  aerospace  in- 
dustry and  who  are  assigned  management  responsibility  for  dis- 
crete SRB  components  and  subsystems.  Utilizing  our  quality  assur- 
ance representatives  and  personal  contacts  with  the  key  engineers 
at  our  subcontractors,  these  subsystem  managers  are  made  aware 
of  anomalies  beginning  with  the  manufacture  of  the  hardware  and 
proceeding  through  Booster  Production's  processing  of  flight  assem- 
blies. Our  launch  support  services  [LSS]  team  monitors  and  tracks 
anomalies  which  may  occur  after  transfer  of  the  SRB  to  the  shuttle 
processing  contractor.  This  involvement  by  the  LSS  continues 
through  all  phases  of  assembly  and  test  by  the  SPC,  including 
countdown,  launch  operations,  and  recovery  disassembly  back  at 
the  Cape.    ...^ 

\ 
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Postflight  inspection  is  conducted  by  Booster  Production  Co.  per- 
sonnel trained  to  look  for  evidence  of  hardware  wear  and  tear,  off- 
nominal  conditions,  or  malfunctions.  Postflight  functional  testing  is 
as  rigorous  as  that  conducted  on  new  hardware.  Our  HOSC  team, 
meanwhile,  is  reviewing  all  countdown  and  flight  data  as  part  of 
the  flight  evaluation  group,  and  is  reporting  and  tracking  all 
offnominal  data  on  a  daily  basis  with  the  Marshall  Space  Flight 
Center. 

Postflight  assessment  telephone  conversations  are  conducted 
daily  between  our  LSS  and  our  subsystem  managers,  engineering 
department,  and  the  Marshall  Space  Flight  Center.  These  confer- 
ences are  the  forum  wherein  all  anomaly  conditions  are  noted  and 
actions  assigned.  Undergirding  this  entire  overview  by  the  subsys- 
tem managers  is  our  problem  report  system  which  formally  identi- 
fies and  tracks  all  anomalies,  develops  trend  data,  and  assures  that 
corrective  action  is  initiated  and  that  recurrence  control  is  proper 
and  timely.  This  PR  system  interfaces  with  the  NASA/Marshall 
problem  assessment  system.  All  functional  failures  and  anomalies 
are  then  reported  to  the  flight  readiness  review.  Each  subsystem 
manager  is  responsible  for  the  review  of  his  subsystem  during  the 
flight  readiness  review  within  the  Booster  Production  Co.  The 
flight  readiness  review  process  is  then  repeated  at  the  project  level 
with  NASA/Marshall  and  the  implications  of  anomalies  which 
have  occurred  since  the  last  flight  are  discussed  in  relation  to  the 
next  flight.  Engineering  rationale  as  to  flight  worthiness  is  devel- 
oped and  presented  by  the  Booster  Production  Co.  to  NASA/Mar- 
shall. We  are  a  full  participant  in  these  flight  readiness  reviews 
and  are  active  in  the  determination  of  readiness  for  flight. 

In  answer  to  your  fourth  question  on  design  deficiencies  and  im- 
proving overall  operating  performance  margins,  part  of  the  pro- 
gram we  defined  in  preparing  for  the  resumption  of  shuttle  flight 
operations  was  the  identification  of  design  changes  that  would  cor- 
rect design  deficiencies  or  improve  our  hardware  operating  per- 
formance margins.  The  program  requirement  for  the  SRB  structur- 
al hardware  is  that  the  design,  when  analytically  evaluated  and 
supported  by  a  static  test,  shall  have  a  positive  safety  margin  above 
the  established  factors  of  safety  for  the  ascent  and  descent  phases 
of  flight. 

I'd  like  to  explain,  in  this  context,  that  the  ascent  flight  refers  to 
the  complete  shuttle  structure,  while  the  descent  flight  refers  only 
to  the  SRB  following  separation. 

Ascent  requires  safety  factors  of  1.4  on  ultimate  and  1.10  on 
yield,  and  descent  requires  1.25  on  ultimate  and  1.10  on  yield. 

As  the  program  has  progressed,  two  things  have  happened  that 
have  affected  the  initial  analj^ical  results.  One,  the  loads  have 
become  better  defined,  which  resulted  in  safety  factor  changes, 
both  increases  and  decreases.  And  two,  the  analytical  tools  avail- 
able today  allow  more  refined  studies  of  loads,  distributions,  and  ef- 
fects. As  a  result  of  these  two  factors,  design  changes  are  being  pro- 
posed in  several  structural  areas  to  improve  both  our  safety  mar- 
gins and  operating  efficiencies.  These  changes  improve  the  load 
carrying  capability  of  the  fasteners  in  the  forward  and  aft  skirts,  as 
well  as  the  external  tank  attach  ring,  and  are  the  results  of  design 
improvements  and  corrections.  The  appropriate  retention  rationale 
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and  inspection  or  test  criteria  is  in  place  to  accept  and  recertify  the 
hardware. 

Numerous  design  changes  have  been  implemented  to  increase 
the  operating  margins  as  they  relate  to  the  reuse  or  multimission 
use  of  the  hardware.  Our  knowledge  of  the  SRB  environments  has 
increased,  and  as  we  have  analyzed  our  hardware  performance  in 
these  environments  we  have  added  design  fixes  to  enhance  or  in- 
crease hardware  life.  These  run  the  gamut  from  seat  material 
changes  in  valves  to  vent  cap  modifications  in  the  parachutes  to 
structural  reinforcement  of  the  aft  skirts  through  the  use  of  gus- 
sets and  foams. 

In  summary,  we  have  implemented  or  have  in  process  changes 
which  we  feel  not  only  provide  better  operating  margins  but,  in  the 
case  of  the  SRB,  assure  that  the  reuse  of  flown  hardware  will  not 
degrade  the  performance  or  increase  mission  risk. 

In  answer  to  your  fifth  question  regarding  schedules,  the  recerti- 
fication  and  design  review  of  the  SRB  is  a  rather  extensive  under- 
taking. Our  assessment  of  the  time  to  complete  this  major  effort  of 
recertification  for  the  next  shuttle  flight  will  be  July  1987.  Addi- 
tional effort  will  continue  in  the  area  of  extending  the  reusable  life 
of  the  hardware  and  will  not  be  completed  until  July  1988.  And  we 
will  complete  our  failure-and-effects  analysis,  and  our  critical  items 
list  review  will  be  completed  in  January  1987;  the  launch  commit 
criteria  in  January  1987,  all  the  OMRSD  will  be  in  November  1986, 
as  depicted  on  the  recertification  schedule. 

We  at  USBI-BPC  are  confident  in  the  execution  of  the  SRB  re- 
certification task,  and  our  company  is  dedicated  to  its  timely  com- 
pletion. We  are  firmly  convinced  that  these  reviews  and  revalida- 
tions will  assure  that  the  SRB  hardware  will  perform  safely  and 
reliably  as  an  element  of  the  shuttle  system. 

I  guess  in  summary,  I  can  assure  you  that  we  are  not\Compla- 
cent.  We  are  using  this  opportunity  to  diligently  review  in  detail 
the  SRB  requirements,  specifications,  procedures,  processes,  the 
certification,  and  verification  documentation,  both  in-house  and  at 
our  subcontractors.  We  will  do  whatever  is  necessary  to  assure  our- 
selves and  NASA  of  the  SRB  and  our  readiness  to  resume  safe  op- 
erations. 

Mr.  Chairman,  I  appreciate  this  opportunity  to  appear  before  you 
today  and  would  be  pleased  to  answer  any  questions  you  may  have. 
Thank  you. 

[The  prepared  statement  of  Mr.  Murphy  follows:] 
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Mr.  Chairman  and  Distinguished  Members  of  the  Committee: 

I  am  George  Murphy,  Executive  Vice-President  and  General  Manager  of  USBI-Booster 
Production  Company,   Inc.    (USBI-BPC),  a  wholly  owned  subsidiary  of  United  Technologies 
Corporation.     Also  attending  with  me  today  are  Mr.   Eugene  Cagle  the  USBI-BPC, 
Solid  Rocket  Booster  (SRB)  Program  Manager,  and  Mr.   Don  Reed,  USBI-BPC  SRB  Chief 
Engineer. 

I  am  here  today  to  provide  the  Cornnittee  an  understanding  of  our  contractual 
conmitments  in  support  of  NASA's  Space  Transportation  System  (STS)  Solid  Rocket 
Boosters  and  to  1)  assess  the  conclusions  of  the  Rogers  Comnission  as  it  relates 
to  the  SRB  flight  hardware  for  which  USBI-BPC  is  responsible,  2)  discuss  the  efforts 
that  USBI-BPC  has  undertaken  to  recertify  the  SRB  flight  hardware,  3)  outline  the 
methods  and  analyses  used  to  identify  and  respond  to  the  anomalous  performance  of 
the  flight  hardware  prior  to  51-L,  4)  explain  what  is  being  done  or  will   be  done  to 
correct  design  deficiencies  and/or  improve  the  operating  performance  margins  in  SRB 
flight  hardware,  and  5)  estimate  the  time  required  to  complete  the  recertifi cation 
task  prior  to  flight  operations  being  reinstituted. 

First,  I  would  like  to  give  you  some  of  the  background  defining  oi;r   ""ole  in 
the  Shuttle  Program.     The  USBI  Booster  Production  Company,   Inc.  and  its  pre- 
decessor company.  United  Space  Boosters,  Inc.,  have  been  under  contract  since 
December  1976,  with  the  George  C.  Marshall   Space  Flight  Center  to  assemble 
and  refurbish  Shuttle  Solid  Rocket  Boosters  for  reuse  (excluding  the  Solid 
Rocket  Motor).     The  original   contract  required  USBI  to  assemble,   recover,  dis- 
assemble and  refurbish  six  (6)  SRB  flight  sets  of  hardware  designed  and  furnished 
by  NASA/MSFC.     The  SRB  hardware  development  and  design  verification  had  been  per- 
formed by  NASA/MSFC.     Beginning  with  flight  seven   (STS-7),  USBI  also  assumed  respon- 
sibility for  the  procurement  of  the  flight  hardware.     The  initial   contract  re- 
quired USBI  to  furnish  a  total  of  twenty  (20)  SRB  flight  sets  to  NASA/MSFC  and 
our  current  contract  provides  for  an  additional   sixty-four  (64)   flight  sets 
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for  an  overall  total  of  eiqht-four  (84)  flight  sets.  In  January  1984,  the  SRB 
recovery  and  disassembly  functions  became  the  responsibility  of  the  Kennedy 
Space  Center  Shuttle  Processing  Contractor. 

The  SRB  has  six  (6)  major  subsystems,  as  shown  on  the  SRB  Pictorial,  which  are 
the  responsibility  of  the  USBI-BPC  for  procurement,  refurbishment  and  assembly. 
These  subsystems  are  Structures,  Decelerator,  Electronic  and  Instrumentation, 
Thrust  Vector  Control,  Range  Safety  and  Separation.  Morton  Thiokol  provides 
the  Solid  Rocket  Motor. 


SRB  PICTORIAL 


DECELERATOR  SUB-SYSTEM 

PILOT  ft  DROGUE  CHUTES  - 


ALT^UOE  SWITCH  ft  MAIN  CHUTES 
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FWD  lEA.  RATE  GYROS,  SENSOR  TIMER  UNIT. 
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PANEL  b  ANTENNAS 

LINEAR  SHAPED  CHARGE 

SEPARATION  SUB  SYSTEM 
FORWARD  BSM  


oz 


STRUCTURES  SUB-SYSTEM 

NOSE  CAP 

^  FRUSTUM 

FORWARD  SEPARATION  RING 

FORWARD  SKIRT 

SYSTEMS  TUNNEL 


ET  ATTACH  RING  &  AFT  STRUTS 


AFT  SKIRT  6  THERMAL  CURTAINS 


AFT  BSM 

THRUST  VECTOR  CONTROL  SUB-SYSTEM 


In  addition  to  the  assembly,  refurbishment  and  delivery  of  the  described  flight 
hardware,  USBI-BPC  also  performs  design  and  sustaining  engineering.  Liaison 
and  launch  site  support  are  provided  to  NASA,  Shuttle  Processing  Contractor  (SPC) 
and  Vandenberg  Air  Force  Base  (VAFB)  to  assure  that  a  conmon  understanding  exists 
as  pertains  to  system  design,  operational  requirements  and  limitations  of  the 
hardware  furnished,  and  to  ensure  compatibility  of  checkout  procedures  and  anomaly 
resolution. 
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The  following  is  in  answer  to  your  first  question  regarding  the  Rogers  Commission 
work  and  conclusions: 

Because  of  our  mission  responsibility  to  support  the  launch  operations  at 
KSC  and  the  Huntsville  Operation  Support  Center  (HOSC)  in  Huntsville,  our  key 
managers  and  engineers  were  on  station  when  the  51-L  accident  occurred.  We 
inmediately  implemented  the  SRB  Anomaly  Investigation  Plan  at  USBI-BPC  and 
were  on  site  in  the  HOSC  to  assist  NASA/MSFC  in  the  establishing  and  staffing 
of  the  SRB  Contingency  Team.  Our  personnel  co-chaired  six  (6)  subteams  and 
provided  technical  expertise  to  formulate  and  plan  the  SRB  subsystem  invest- 
igations. We  immediately  impounded  all  51-L  related  records  and  data.  During 
the  ensuing  weeks  of  investigations,  our  personnel  not  only  scrutinized  the 
myriad  of  detailed  records  for  51-L,  but  technically  challenged  the  design. 
Failure  Modes  and  Effects  Analyses,  and  potential  SRB  failure  trees  that  could 
have  contributed  to  the  51-L  accident.  United  Technologies  Corporate  Office 
organized  a  multi -disciplined  team  of  engineers  to  conduct  an  independent  audit 
of  USBI-BPC  actions  related  to  the  51-L  assembly  and  test  operations  as  well  as 
review  all  engineering  decisions  relating  to  51-L  hardware  disposition.  We  were 
pleased  with  our  findings  and  those  of  the  MSFC  teams  on  which  we  served  in  that 
the  SRB  hardware  provided  by  USBI-BPC  for  the  51-L  was  built  and  processed  in 
accordance  with  the  design  requirements.  The  review  showed  that  our  systems  of 
control  were  in  place  and  functioned  properly.  In  regard  to  the  Rogers  Commission 
work  and  conclusions  relative  to  our  hardware  not  contributing  to  or  causing  the 
accident,  we  are  in  agreement  with  the  Commission's  findings.  As  stated  above, 
our  findings  developed  jointly  with  NASA/MSFC  and  independently  corroborated  by 
the  United  Technologies'  team  showed  that  our  SRB  hardware  did  not  contribute 
to  the  51-L  accident. 

I  will  now  answer  your  second  question  regarding  recertifi cation.  The  design 
and  verification  of  the  SRB  was  performed  as  a  NASA/MSFC  function.  During  the 
contract  evolution  with  USBI-BPC,  the  responsibility  for  new  designs  has  been 
vested  in  our  company  but  the  original  certification  of  the  SRB  was  a  NASA 
responsibility.  We  are  using  this  opportunity  to  not  only  recertify  the  flight 
hardware  but  to  conduct  analyses  sufficient  to  allow  USBI-BPC  to  certify  the 
basic  requirements,  application  of  those  requirements  and  hence  hardware  cert- 
ification. To  that  end  we  have  developed  and  are  implementing  an  extensive 
program  of  recertifi  cation.  The  recertifi  cation  program  has  three  primary 
elements  which  follow  a  logical  progression  of  evaluation.  First,  we  will 
reestablish  the  basic  design  requirements  from  Level  II  and  Level  III.  Second, 
we  will  reestablish  the  verification  program  based  upon  those  requirements. 
Third,  we  will  reestablish  that  the  design  and  the  hardware  are  in  compliance  • 
with  the  first  two  elements.  Key  activities  to  be  performed  as  we  recertify 
the  SRB  will  include  the  traceability  of  requirements  into  all  levels  of  SRB 
design  and  system  environments,  verification  of  the  SRB  design  data  base  and 
analyses,  establishment  of  tools  such  as  the  Failure  Modes  and  Effects  Analysis, 
and  validation  that  our  paper  systems  have  properly  incorporated  requirements, 
constraints  and  criteria.  Within  the  scope  of  this  recertifi  cation  are  many 
other  tasks  which  are  necessary  to  ascertain  status  of  hardware,  establish 
test  and  inspection  criteria  and  validate  all  of  our  subcontractor's  processes 
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as  well  as  those  at  USBI-BPC.  These  activities  comprise  a  long  and  tedious 
task  that  will  require  at  least  a  year  to  accomplish.  I  will  discuss  the 
schedule  in  some  detail  later  but  suffice  it  to  say  we  are  well  underway  on 
many  of  the  major  tasks  and  have  a  master  plan  leading  to  a  Design  Certification 
Review  (DCR)  with  NASA/MSFC  in  April  1987.  This  master  plan  has  been  the 
evolutionary  result  of  combined  USBI-BPC  and  NASA/MSFC  thinking  and  within  its 
scope  are  all  the  necessary  elements  for  full  recertifi cation  of  the  SRB  prior 
to  the  next  launch. 

Regarding  your  third  question,  USBI-BPC's  ability  to  identify  and  respond  to 
anomalous  performance  of  flight  hardware  has  been  enhanced  and  reinforced  in 
the  last  few  years.  Within  our  program  management  structure,  we  have  subsystem 
managers  who  have  many  years  of  experience  in  the  aerospace  industry  and  who  are 
assigned  management  responsibility  for  discrete  SRB  components  and  subsystems. 
Utilizing  our  Quality  Assurance  Representatives  and  personnel  contact  with  key 
engineers  at  our  subcontractors,  these  subsystem  managers  are  made  aware  of 
anomalies  beginning  with  manufacture  of  hardware  and  proceeding  through  USBI-BPC 
processing  of  flight  assemblies.  Our  Launch  Support  Services  (LSS)  team  monitors 
and  tracks  anomalies  which  may  occur  after  transfer  of  SRB  hardware  to  the  Shuttle 
Processing  Contractor  (SPC).  This  involvement  by  LSS  continues  through  all  phases 
of  assembly  and  test  by  the  SPC  including  countdown,  launch  operations  and  re- 
covery disassembly  back  at  the  Cape.  Postflight  inspection  is  conducted  by  USBI- 
BPC  personnel  trained  to  look  for  evidence  of  hardware  wear  and  tear,  off  nominal 
conditions  or  malfunctions.  Postflight  functional  testing  is  as  rigorous  as  that 
conducted  on  new  hardware.  Our  HOSC  team  meanwhile  is  reviewing  all  countdown 
and  flight  data  as  part  of  the  Flight  Evaluation  Group  and  is  reporting  and 
tracking  all  off-nominal  data  on  a  daily  basis  to  Marshall  Space  Flight  Center. 

Postflight  assessment  telephone  conferences  are  conducted  daily  by  LSS  with  our  sub- 
systems managers,  engineering  department  and  Marshall  Space  Flight  Center.  These 
conferences  are  the  forum  wherein  all  anomaly  conditions  are  noted  and  actions 
assigned.  Undergirding  this  entire  overview  by  the  subsystem  managers  is  our 
Problem  Report  (PR)  system  which  formally  identifies  and  tracks  all  anomalies, 
develops  trend  data,  assures  that  corrective  action  is  initiated  and  that  re- 
currance  control  is  proper  and  timely.  This  PR  system  interfaces  with  the 
NASA/MSFC  Problem  Assessment  System.  All  functional  failures  and  anomalies 
are  then  reported  during  Flight  Readiness  Review  (FRR).  Each  subsystem  manager 
is  responsible  for  the  review  of  his  subsystem  during  the  FRR  within  USBI-BPC. 
The  FRR  process  is  then  repeated  at  the  Project  Level  with  NASA/MSFC  and  the 
implication  of  anomalies  which  have  occurred  since  the  last  flight  are  discussed 
in  relation  to  the  next  flight.  Engineering  rationale  as  to  flight  worthiness  is 
developed  and  presented  by  USBI-BPC  to  NASA/MSFC.  We  are  a  full  participant  in 
these  Flight  Readiness  Reviews  and  are  active  in  the  determination  of  readiness 
for  flight. 
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In  answer  to  your  fourth  question  on  design  deficiencies  and  improved  operating 
performance  margins,  part  of  the  program  we  defined  in  preparing  for  the  re- 
sumption of  Shuttle  Flight  Operations  was  the  identification  of  design  changes 
that  would  correct  design  deficiencies  or  improve  our  hardware  operating  perform- 
ance margins.  The  program  requirement  for  the  SRB  structural  hardware  is  that  the 
design,  when  analytically  evaluated  and  supported  by  static  test,  shall  have  a 
positive  margin  of  safety  above  established  factors  of  safety  for  the  ascent  and 
descent  phases  of  flight.  Ascent  requires  safety  factors  of  1.40  on  ultimate  and 
1:10  on  yield,  and  descent  requires  1.25  on  ultimate  and  1.10  on  yield.  As  the 
program  has  progressed  two  things  have  happened  that  have  affected  the  initial 
analytical  results:  1)  the  loads  have  become  better  defined  which  resulted  in 
safety  factor  changes,  both  increases  and  decreases,  and  2)  the  analytical  tools 
available  today  allow  more  refined  studies  of  loads,  distributions  and  effects. 
As  a  result  of  these  two  factors,  design  changes  are  being  proposed  in  several 
structural  areas  to  improve  both  our  safety  margins  and  operating  efficiency. 
These  changes  improve  the  load  carrying  capability  of  fasteners  in  the  forward 
and  aft  skirts  as  well  as  the  External  Tank  Attach  ring  and  are  the  results  of 
design  improvements  and  corrections.  The  appropriate  retention  rationale  and 
inspection  or  test  criteria  is  in  place  to  accept  and  recertify  the  hardware. 

Numerous  design  changes  have  been  implemented  to  increase  the  operating  margins 
as  they  relate  to  the  reuse  or  multi-mission  use  of  hardware.  Our  knowledge  of 
the  SRB  environments  has  increased,  and  as  we  have  analyzed  our  hardware  performance 
in  those  environments  we  have  added  design  fixes  to  enhance  or  increase  hardware 
life.  These  run  the  gamut  from  seat  material  changes  in  valves  to  vent  cap  modi- 
fications in  parachutes  to  structural  reinforcement  of  aft  skirts  through  the 
use  of  gussets  and  foams. 

In  summary,  we  have  implemented  or  have  in  process  changes  which  we  feel  not 
only  provide  better  operating  margins,  but  in  the  case  of  the  SRB  assure  that 
the  reuse  of  flown  hardware  will  not  degrade  performance  or  increase  mission  risk. 
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In  answer  to  your  fifth  question  regarding  schedules,  the  recertifi cation  and 
design  review  for  the  SRB  is  a  rather  extensive  undertaking.  Our  assessment  of 
the  time  required  to  complete  the  major  effort  of  recertifi cation  for  the  next 
shuttle  flight  will  be  July  1987.  Additional  effort  will  continue  in  the  area 
of  extending  the  reusable  life  of  hardware  and  will  not  be  completed  until 
July  1988.  We  will  complete  our  Failure  Mode  and  Effect  Analysis  (FMEA)  and 
Critical  items  List  (CIL)  Review  by  January  1987. 
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We  at  USBI-BPC  are  confident  in  the  execution  of  the  SRB  recertifi cation  task 
and  our  company  is  dedicated  to  its  timely  completion.  We  are  firmly  convinced 
that  these  reviews  and  revalidations  will  assure  that  our  SRB  hardware  will  per- 
form safely  and  reliably  as  an  element  of  the  Shuttle  system. 

Mr.  Chairman,  I  appreciate  this  opportunity  to  appear  before  you  today  and 
would  be  pleased  to  answer  any  questions  you  may  have. 
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Mr.  Roe.  The  Chair  wants  to  thank  the  witnesses  for  extensive 
and  soUd  testimony.  We  appreciate  that;  we  think  you've  all  pre- 
sented an  excellent  overview  of  observations,  and  I  think  that  all 
three  of  the  testimonies,  from  the  Chair's  point  of  view,  come  down 
on  specific  items.  And  some  of  those  items,  we'll  be  asking  a 
number  of  questions  on.  And  I  certainly  want  to  mention  to  Mr. 
Jeffs,  that  you  hit  upon  an  extremely  good  point  where  some  of  the 
wags — or  those  who  have  all  of  the  answers  to  everything — are 
saying  that  the  space  shuttle  hardware  and  system  is  antiquated. 
And  one  of  the  decisionmaking  processes  that  some  people  are 
leaning  toward  are,  should  we  in  effect  scrap — yes,  scrap — what 
we're  doing  now,  instead  of  building  a  fourth  orbiter,  and  take  a 
"quantum  step  forward" — this  is  the  quotation  we  hear — and  devel- 
op a  new,  high-level  technology.  Could  you  respond  in  depth  to  that 
observation?  You  made  the  point  in.  your  testimony,  from  your 
point  of  view,  in  view  of  the  ongoing  process  of  constantly  upgrad- 
ing the  different  parts  and  pieces  of  the  hardware  as  it  becomes 
either  affected  in  flight  or  improvements  are  made  in  engineering 
or  technology;  we're  constantly  updating,  and  therefore  are  not 
dealing  in  an  antiquated  technology. 

Which  is  the — what  is  your  observation  to  that? 

Mr.  Jeffs.  Well,  first,  Mr.  Chairman,  I  would  be  the  first  to  en- 
courage a  continual  look-forward  into  the  future.  That's  what 
progress  is  all  about  and 

Mr.  Roe.  If  the  gentleman  would  yield,  the  issue  before  the  com- 
mittee that's  been  brought  up  by  those  people  who  have  thoughts 
and  processes  going  is  that  we  should  scrap  what  we're  doing  now, 
round  out  with  the  three  orbiters,  not  build  a  fourth  orbiter,  put 
that  energy  and  those  resources  into  a  second  upgraded  position 
and  revolutionize  the  whole  system  and  go  to  that  area,  and  not  to 
continue  building  a  fourth  orbiter.  That's  the  question  I  want  to 
ask  you. 

Mr.  Jeffs.  Well,  of  course,  I  violently  disagree  with  that. 

Mr.  Roe.  I  thought  you  would. 

Mr.  Jeffs.  I  think  what  we  should  do  is— obviously,  we  should 
continue  the  evolutionary  process  on  the  orbiters.  They  do  the  job, 
as  I  said;  they  have  great  potential;  they  don't  need  major  change; 
they  don't  need  major  dollars  to  make  any  changes  to  them  to  per- 
form the  tasks  that  they  not  only  perform  on  launch,  but  also  in 
orbit. 

I  think  that  as  far  as  quantum  steps,  such  things  as  aerospace 
planes  that  we're  actively  engaged  in,  like  others— as  I  say,  they 
should  be  encouraged.  We're  looking  at  them,  but  that's  why  I 
made  the  statement  in  the  first  place,  that  the  orbiter  was  the  fun- 
damental cornerstone  of  our  Space  Program  for  the  next  two  or 
three  decades  because  it's  going  to  take  that  long  before  the  next 
generation  system  comes  into  being. 

Mr.  Roe.  The  second  question  that  the  Chair  has  to  ask  is  that 
we  spoke  of  risks  and  time,  v/hich  were  part  of  the  five  questions 
that  were  propounded  to  you  initially,  and  it  seems  to  me  that  in 
reviewing  Mr.  Davis'  and  Mr.  Murphy's  testimony,  they  came  back 
and  made  the  point  of  view— and  so  did  you,  Mr.  Jeffs — that  \yith 
the  criticality  items  involved— I  believe  there  were  743;  that  sticks 
in  my  mind— 748,  is  it?  That's  enough;  we  don't  need  to  look  for 
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any  more — 748,  and  the  committee  understands  the  relationship 
there.  It  seems  to  be  that  now  that  Dr.  Fletcher  has  announced  the 
reevaluation  for  the  next  flight  to  be — I  believe  it  was  July  1988 — 
that  that  gives  you  an  extra — not  a  whole  year,  but  certainly  gives 
you  6  or  7  added  months  for  a  more  thorough  reevaluation  of  the 
hardware  as  you  referred  to  in  some  of  the  areas  that  you  would 
have  to  put  off  otherwise  because  of  the  original  projected  date. 

What  about  the  point  of  view — I  think  what  the  committee  is 
concerned  about  is  that  we're  dealing  with  the  criticality  items — 
and  we  understand  what  you're  talking  about  in  criticality  items — 
to  encourage  the  contractors,  all  of  the  contractors,  the  hardware 
contractors,  to  review  in  toto  all  of  those  criticality  items,  the  point 
you  were  making,  and  not  just  based  upon  simulations.  In  other 
words,  we're  talking,  where  at  all  possible,  actual  total  field  test- 
ing. Do  you  concur  with  that  approach?  Anyone?  Mr.  Davis?  Let's 
try  Mr.  Davis. 

Mr.  Davis.  Yes;  I'd  say  I  agree  with  that.  As  a  matter  of  fact,  I 
believe  that's  what  all  the  program  contractors  are  out  doing  at 
this  point 

Mr.  Roe.  Well,  there's  been  some  tests — let  me  interrupt  you — 
there's  been  some  comments,  and  I  just  want  to  clarify  it  for  the 
record,  that  there  are  some  areas  we  could  speed  up  part  of  the  re- 
review  by  making  simulation  tests  and  so  forth  and  not  literally 
testing  the  materials. 

Mr.  Davis.  Well,  I  can  really  only  talk  for  the  external  tank 

Mr.  Roe.  I  understand. 

Mr.  Davis  [continuing].  And  I  don't  recognize  anjdhing  in  that 
category  for  the  tank.  I'm  probably  not  a  good  one  to  answer  your 
question. 

Mr.  Roe.  I  understand  that. 

How  about  Mr.  Murphy? 

Mr.  Murphy.  I  think  we  feel  the  same  way.  We  do  not  have  that 
type  of  problem  in  the  SRB  hardware  that  we're  responsible  for. 

Mr.  Roe.  Then  it  goes  back  to  Mr.  Jeffs. 

Mr.  Jeffs.  I  have  most  of  the  parts. 

Well,  as  you  know,  the  certification  program  on  the  hardware 
has  been  very  rigorous  throughout  the  program.  We  have  quali- 
fied— for  example,  tiles  to  100  missions  with  a  factor  of  four,  wher- 
ever we  could.  We  do  that  with  all  the  escape  systems,  the  ejection 
systems,  for  example.  We  ran  extensive  tests  at  White  Sands. 

We  do  not  incorporate  systems  in  the  vehicle  unless  they  are 
proven  and  tested,  and  that  includes  the  blades  on  the  engines  that 
I  referred  to.  That's  one  of  the  reasons  that  I  hedge  a  little  bit  on 
exactly  when  we  can  incorporate  those  into  the  vehicle.  I  believe 
we  can  do  it  by  the  1988  period,  but  it's  going  to  take  a  lot  of  certi- 
fication testing,  which  we  work  out  in  great  detail  with  the  NASA 
from  all  angles;  and  then  we  run  those  extensive  tests  before  we 
incorporate  them  in  flight  hardware.  We  always  do  that  on  the  en- 
gines and  we  always  do  that  in  the  orbiter.  The  same  thing  is  true 
with  the  brakes;  the  certification  tests  on  the  brakes.  For  the 
escape  system — before  we  put  an  escape  system  in  there,  we  will 
run  qualification  testings  on  that  escape  system  to  make  sure  that 
it  in  fact  adds  to  the  safety  of  the  system  and  doesn't  in  fact  in  any 
way  detract. 
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Mr.  Roe.  Would  you  concur  that  there  are  other  problems,  other 
than  the  blades,  in  the  turbo  pumps  and  so  forth,  and  the  engine 
problems? 

Mr.  Jeffs.  There  are  other  problems  on  the  engines. 

Mr.  Roe.  What  I'm  trying  to  get  at,  with  the  extra  year's  time — 
which  won't  be  a  year  if  they  are  going  to  fly  in  July  1988;  it's 
going  to  be  lesser  than  that,  but  certainly  more  than  we  have 
now — can  we  get  in  depth  into  those  areas,  do  you  think? 

Mr.  Jeffs.  Yes,  sir.  In  fact,  we  do  that  every  day. 

Mr.  Roe.  The  Chair  will  ask  his  third  question  and  then  start  to 
defer  to  the  other  members. 

You  have  all  firmly  but  delicately  danced  around  and  discussed 
the  issue  of  the  shuttle  processing  contract  methodology  that  was 
devised  from  1983,  as  I  understand  the  testimony,  and  correct  me  if 
I'm  wrong.  It  seemed  to  me  that  you  were  saying — at  least,  as  the 
Chair  heard  it — you  were  saying  that  "if  I'm  responsible  for  an  in- 
tegral part  of  the  shuttle  and  its  mechanisms,  that  I  ought  to  be  in 
on  the  entire  processing  of  the  parts  that  I'm  supply  to  the  very 
end  to  ensure  that  what  we've  done  and  the  delicacy  and  the  qual- 
ity control  of  our  production — that  that  is  understood,  No.  1,  by 
other  contractors,  and  handled  properly;  and  the  only  way  we 
really  can  do  that  is  if  we  have  some  of  our  own  key  people  shep- 
herding that  through  to  the  fmal  point  of  getting  ready  for 
launch."  Is  that  a  fair  assumption  that  I'm  making  there,  from  the 
hearing  of  your  testimony? 

Mr.  Jeffs.  Yes. 

Mr.  Davis.  Yes. 

Mr.  Murphy.  It  certainly  is  from  my  point  of  view. 

Mr.  Roe.  Then  it  comes  back  to  me  and  it  says  that  for  some 
reason  and  for  some  purpose,  somebody  decided  that  the  system 
could  be  improved— as  of  1983— to  go  into  a  shuttle  processing  con- 
tract, somebody  in  charge  of  an  umbrella  over  the  top  of  it,  what  it 
appears  to  me  and  what  I  have  re-reviewed  of  that  system.  Is  that 
a  fair  comment  to  make?  Somebody  made  that  decision? 

Mr.  Jeffs.  Yes. 

Mr.  Davis.  Yes. 

Mr.  Roe.  By  the  way,  that  contract  runs  about  $1  billion  a  year — 
no,  $1  billion,  I  beg  your  pardon,  for  3  years,  I  think  it  is. 

Why  did  that  emerge?  Do  you  feel  capable— or  should  I  be  asking 
NASA?  I  suppose  I  should. 

Mr.  Jeffs.  Well,  I  can  give  you  my  view. 

Mr.  Roe.  Your  view  would  be  welcome. 

Mr.  Jeffs.  Not  having  been  in  the  circles  in  which  those  deci- 
sions were  made  or  the  reasons  for  them,  but  the  way  we  viewed 
the  problem  was  that  the  orbiter  and  the  shuttle,  in  order  to  be 
cost  competitive  for  the  launch  phase,  have  to  operate  frequently; 
that's  the  way  to  drive  the  costs  down  in  launching.  So  the  empha- 
sis then  is  to  try  and  work  toward  that  end.  One  of  the  ways  to  do 
it  is  to  incorporate,  potentially,  airline  techniques — which  we'd  all 
been  working  on — to  bring  them  more  into  the  picture.  To  do  this 
it  was  felt,  I  believe,  that  the  declaration  of  the  vehicle  as  oper- 
ational in  a  very  time  in  its  maturity  curve  was  an  effort  to,  in 
fact,  get  those  kinds  of  people  into  the  hands-on  doing  of  the  job 
and  have  the  development  contractors  back  away,  to  cut  down  the 


49 

changes,  and  to  hopefully  reduce  the  time  in  working  problems 
that  may  or  may  not  have  been  considered  completely  necessary  to 

fly- 
So  I  think  the  fundamental  of  it  is  to  turn  it  over  to  operational 

contractors  and  not  the  development  contractors,  who  have  the  phi- 
losophy, then  of  quick  turn-around,  operate  like  an  airplane,  hand 
it  over  to  the  mechanics  and  not  the  engineers  and  the  technicians 
so  that  in  fact  you  could  do  that;  operate  it  like  a  747. 

Mr.  Roe.  But  the  fact  remains  it's  not  a  747. 

Mr.  Jeffs.  Well,  it  is  hoped  that  we  can  eventually  operate  with 
much  greater  frequencies  than  we  do,  but  it  will  never  be  like  a 
747.  Space  will  never  be  routine.  It  might  be  frequent,  but  it  will 
never  be  routine. 

Mr.  Roe.  Mr.  Davis,  Mr.  Murphy,  any  comments? 

Mr.  Davis.  I  would  tend  to  agree  with  that.  I  think  it  was  in  an 
era  when  the  program  had  experienced  significant  success  with  its 
flights;  the  flight  rates  were  increasing;  the  program  was  looking  to 
trying  to  get  its  costs  down  in  the  process.  As  a  matter  of  fact,  all 
of  the  development  elements  took  on  a  productivity  improvement 
program  that  was  highly  successful.  One  of  the  elements  that  was 
looked  at  was,  indeed,  how  do  you  reduce  the  costs  down  at  the 
Cape?  And  I  think  the  people  felt  that  the  airline-type  approach 
was  an  appropriate  approach  and  ought  to  be  taken.  I  think  at  this 
point  I  would  say  that  events  have  shown  that  that  was  not  the 
right  thing  to  do. 

Mr.  Murphy.  I  would  concur  with  what  Ric  has  stated.  Basically, 
the  motive  of  the  operation  at  that  time  was  to  reduce  costs  on  a 
highly  effective  and  quality  program,  such  that  the  orbiter  had 
made  many  missions  and  came  back  in  very  good  shape.  However, 
the  removal  of  the  engineers  out  of  the  dominant  role,  I  think,  and 
replacing  them  with  the  standard  universal  technician  concept  has 
not  been  advantageous  to  the  program,  and  I  think  it  should  return 
to  the  engineering  element  in  which  it  obviously  still  remains. 

Mr.  Roe.  So  are  we  saying  in  summary,  then,  on  this  issue,  from 
a  management  point  of  view  and  from  a  safety  point  of  view  and 
from  a  quality  point  of  view,  that  the  key  people  in  the  different 
hardware  companies  that  were  involved  were  taken  out  of  the  final 
chain,  if  you  like,  of  decisionmaking  in  a  host  of  areas?  It  appears 
to  me  to  be  that  way.  Is  that  a  fair  commentary  to  make? 

Mr.  Jeffs.  I  think  that — decisionmaking,  and  also  accountability 
for  the  hands-on  preparation  of  the  vehicle. 

Mr.  Roe.  So  basically  what  we're  saying,  that  area  needs  total  re- 
review  so  that  the  contractors  and  the  engineers  and  those  people 
that  are  responsible  for  the  intricacies  of  the  parts  involved  are 
carried  right  through — their  decision  and  their  cooperation  is  car- 
ried through  to  the  very  end,  to  the  launch  itself. 

Mr.  Jeffs.  Yes,  sir;  but  in  full  recognition  of  the  objective  of 
eventually  getting  the  vehicle  to  a  more  frequent  operational  con- 
figuration time-wise,  and  charge  the  development  contractors  with 
recognizing  that  as  a  goal  and  bringing  to  bear  that  as  a  possibility 
as  soon  as  possible. 

Mr.  Roe.  When  Mr.  Jeffs  spoke  to  the  ice  issue  and  gave  an  ex- 
planation on  the  ice  issue,  had  that  procedure  been  followed  and 
we  had  not  gotten  into  the  shuttle  processing  approach — the  um- 
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brella  approach — might  it  have  been  that  your  company  would 
have  suggested  that  they  did  not  fly  at  that  point? 

Mr.  Jeffs.  Sir,  I 

Mr.  Roe.  Would  it  have  been  heard  more  loudly,  do  you  think,  at 
that  point? 

Mr.  Jeffs.  Say  again? 

Mr.  Roe.  Would  it  have  been  heard  more  loudly  in  the  decision- 
making process? 

Mr.  Jeffs.  I  really  don't  think  that  that  was  the  problem,  of  not 
hearing  us  loudly,  Mr.  Chairman.  I  really  can't  say  how  we  would 
react  in  that  because  I  am  not  privj^  to  all  information  that  the 
program  manager  did  have  to  make  his  decision. 

Mr.  Roe.  I  understand  that. 

Mr.  Davis.  I  would  like  to  comment  on  that. 

Mr.  Roe.  Mr.  Davis. 

Mr.  Davis.  I  don't  think  that  really  the  SPC  affected  our  ability 
to  be  heard.  I  think  at  any  time  we  could  have  been  heard.  What  it 
affected  was  our  visibility  of  what  was  happening  with  our  hard- 
ware. 

Mr.  Roe.  Maybe  they  would  have  heard,  but  you  didn't  have  a 
total  view — from  what  I  understand  from  your  testimony — of  what 
the  overall  picture  was.  You  were  not  subject  to  the  overall  view, 
isn't  that  so? 

Mr.  Davis.  Correct.  It  was  the  visibility  of  what  was  happening 
that  was  missing,  not  our  ability  to  be  heard  if  we  had  the  knowl- 
edge. 

Mr.  Roe.  Part  of  the  Commission's  finding  and  part  of  this  com- 
mittee's finding  already  has  to  do  with — it's  not  only  the  hardware 
that's  our  concern;  it's  the  other  issues  that  have  to  do  with  the 
management  process,  so  that  Macy  knows  what  Gimble  is  doing. 

Mr.  Davis.  Right. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
Florida,  our  chairman,  Mr.  Fuqua,  for  any  questions  he  may  have. 

Mr.  Fuqua.  I  have  no  questions,  Mr.  Chairman.  Thank  you. 

Mr.  Roe.  T  thank  the  gentleman. 

I  guess  we'll  skip  you,  Mr.  Walker. 

The  gentleman  from  California. 

Mr.  Packard.  Thank  you,  Mr.  Chairman 

Let  me  ask  Mr.  Jeffs  a  couple  of  questions,  then  ask  for  a  re- 
sponse from  others  of  the  panel. 

The  brakes  and  the  landing  and  the  steering  systems  have  been 
an  ongoing  problem;  not,  certainly,  uncovered  only  in  the  accident. 
In  fact,  it  had  nothing  to  do  with  the  accident,  but  I  was  present 
when  we  saw  several  tires  go  and  the  braking  system  was  obviously 
a  problem. 

In  your  redesign  of  the  brakes — and  I  think  you've  indicated  in 
your  testimony  that  you  are  reworking  the  brakes  now,  according 
to  your  written  testimony,  upgrading  features  to  increase  stopping 
capability  from  42  million  foot-pounds  to  65  million  foot-pounds — in 
these  redesigns  is  it  intended  now  that  those  be  installed  before  we 
fly  again? 

Mr.  Jeffs.  Yes,  sir.  The  upgrade  to  the  65  million  foot-pound  ca- 
pability. 
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Mr.  Packard.  In  your  judgment,  will  that  solve  the  braking  prob- 
lem that  we've  historically  had? 

Mr.  Jeffs.  Well,  that  will  solve  the  braking  problem  with  respect 
to  unacceptable  limitations  at  landing  sites— for  example,  permit 
landing  in  cross-winds  at  such  sites.  As  far  as  KSC  is  concerned,  we 
still  have  a  problem  relative  to  the  fact  that  the  brakes  would  do 
the  job,  but  perhaps  the  tires  won't  handle  it  with  the  rough 
runway.  So  that's  where  the  nosewheel  steering  comes  into  play  be- 
cause it  reduces  the  amount  of  braking  you  have  to  do  in  order  to 
keep  the  vehicle  on  the  center  line  of  the  runway.  So  the  brakes 
coupled  with  the  steering,  even  with  the  existing  tires,  I  believe, 
would  eventually  handle  the  problem  at  Vandenberg,  but  it's  going 
to  take  nosewheel  steering  to  minimize  the  braking  required,  even 
though  the  brakes  are  capable  of  handling  the  energy  that  would 
be  involved. 

Mr.  Packard.  Is  the  braking  system  as  currently  designed  run- 
ning into  greater  problems  at  the  Cape  than  it  does  at  Vandenberg, 
and  at  Vandenberg  greater  than  it  does  at  Edwards? 

Mr.  Jeffs.  Well,  of  course,  we  haven't  landed  at  Vandenberg,  but 
the  runway  surface  is  more  forgiving;  it's  smoother  at  Vandenberg 
than  it  is  at  the  Cape.  The  Cape  is  a  very  rough  runway  for  reasons 
of  minimizing  any  hydrostatic  problems,  and  it  also  gives  a  very 
good  rolling  coefficient  of  friction,  which  is  what  we  want  to  have 
at  the  Cape  because  we  don't  want  in  any  way  to  roll  over  that 
runway  or  overrun  that  runway.  So  I  think  that  the  general 
answer  is  that  Vandenberg  is  a  more  forgiving  runway,  that  the 
new  brakes  would  take  care  of  that  problem  even  without  nosegear 
steering,  I  would  expect.  The  Cape— we  may  have  to  have  nosegear 
steering  because  of  the  roughness  of  the  runway  and  interaction 
with  the  brakes  and  tires,  and  the  65  million  foot-pounds  certainly 
takes  care  of  the  cross-wind  situation. 

Mr.  Packard.  Mr.  Jeffs,  we've  never  had  to  land  in  an  emergen- 
cy situation.  Would  the  brakes,  as  redesigned,  and  the  tires  as  cur- 
rently designed,  be  able  to  handle  an  emergency  landing  of  the 
shuttle  with  a  full  payload  aboard? 

Mr.  Jeffs.  Well,  I  believe  so.  But  I  think,  for  belt  and  suspenders, 
the  NASA  is  also  looking  at  arresting  systems  at  such  sites. 
Mr.  Packard.  Thank  you  on  that  question. 

You  spoke  also  of  the  escape  system.  I  presume  you're  referring 
to  the  escape  system  for  the  crew? 
Mr.  Jeffs.  Yes,  sir. 

Mr.  Packard.  Is  not  that  considered  to  be  an  impractical  part  of 
the  shuttle?  Are  we  still  seriously  looking  at  an  escape  system? 

Mr.  Jeffs.  Yes,  we  are  looking  at  an  escape  system,  particularly 
for  that  phase  of  flight  that  relates  to  water  ditching.  If  in  fact  we 
have  to  water  ditch,  we're  concerned  about  the  survival  of  the 
crew,  so  we  are  looking  at  a  way  to  set  up  the  vehicle  in  flight  so 
that  the  crew  would  have  time  to  get  out  of  the  vehicle.  And  the 
next  big  step  is  the  tough  one,  and  that's  how  to  develop  and  how 
to  build  and  certify  a  practical  system  to  get  them  out,  and  this 
would  occur  anywhere  from  40,000  to  50,000  with  oxygen  assist  on 
down  to  the  water. 
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We  have  certainly  not  given  up  on  it.  We  have  a  number  of 
ideas,  and  we  are  working  hard.  So  far  we  don't  have  a  final  ap- 
proach to  recommend. 

Mr.  Packard.  But  primarily,  we're  looking  at  water  escapes 

Mr.  Jeffs.  Water  ditching. 

Mr.  Packard  [continuing].  Rather  than  during  launch? 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Packard.  Thank  you. 

Mr.  Davis,  you  spoke  regarding  the  companies  having  a  voice  in 
the  decision-making,  I  presume,  after  the  FRR's,  that  two-week  in- 
terim between  launch  and  the  readiness  review  system.  Do  you  be- 
lieve that  the  companies  should  have  more  voice,  less  voice,  or 
have  they  had  any  voice  in  whether  it's  a  go  or  a  no-go? 

Mr.  Davis.  Well,  I  can  tell  you  bow  it  runs  now.  Up  to  and  in- 
cluding the  L-minus-one-day  review,  there's  no  doubt  that  every 
company  has  a  very  strong  voice;  and,,  as  a  matter  of  fact,  at  the  L- 
minus-one  review,  they  are  required  to  stand  up  and  commit  their 
hardware  as  go  or  no-go.  And  those  are  very  unequivocal  commit- 
ments, also. 

After  that  time,  then  the  reviews  are  more  mission  management 
meetings  that  are  held,  and  as  you  get  down  into  the  countdown,  it 
turns  into  more  of  a  real  time  polling  of  the  people  that  are  actual- 
ly controlling  the  launch. 

In  those  latter  meetings  we  are  not,  I  would  say,  formally  in- 
volved in  those  unless  there  is  some  problem  with  the  hardware 
itself,  the  external  tank  hardware.  We  are  in  firing  room  2  in  a 
very  significant  presence;  we  are  aware  of  what  is  happening  in 
some  of  the  consoles.  We  sit  behind  them;  we  do  not  operate  them. 
We  are  polled  by  the  Director  of  Engineering  prior  to  the  launch 
actually  proceeding,  so  we  are  sort  of  polled  in  an  informal 
manner.  We  are  not  asked  at  any  time  after  the  L-minus-one  for  a 
formal  go  or  no-go. 

I  believe  it  would  probably  be  appropriate,  in  terms  of  the  Com- 
mission's desires,  that  indeed  we  be  more  formally  involved  in  the 
mission  management  meetings,  and  that  at  some  appropriate  late 
time  in  the  launch  count — and  I  would  leave  that  to  NASA  to 
decide — that  indeed  the  companies  be  asked  to  declare  go  or  no-go. 

Mr.  Packard.  A  quick  answer,  Mr.  Murphy.  Do  you  agree? 

Mr.  Murphy.  Yes,  I  agree  with  what  Ric  has  said.  I  think  that 
we  have  found  out  that  we  commit  ourselves,  I  guess,  at  20  minutes 
and  9  minutes  by  the  people  who  are  manning  the  consoles,  but  it 
does  not  arise  to  the  management  level  which  it  should,  in  accord- 
ance with  what  Mr.  Davis  has  stated.  We  would  like  that  opportu- 
nity, also. 

Mr.  Davis.  I'd  like  to  make  one  other  comment  on  that.  I  have 
never  felt  that  if  I  needed  to  stop  a  launch,  I  could  not  stop  it. 
While  I  have  not  been  asked  for  a  positive  go  or  no-go,  the  ability  is 
always  there  if  I  decide  no,  to  stop  the  launch. 

Mr.  Packard.  Mr.  Jeffs,  do  you  feel  the  same? 

Mr.  Jeffs.  Yes,  I  think  the  system  should  be  formalized  more. 
We  have  great  visibility  as  to  the  problems  and  real  times,  being 
on  the  net  and  having  CRT's  and  people  that  are  involved  in  it  in 
depth,  both  at  Downey  and  at  Houston,  who  support  it,  even 
though  it's  at  the  Cape.  But  especially,  when  you  have  holds  or 
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delays  and  what  have  you,  it  needs  to  be — again — upgraded  in  real 
time  with,  I  believe,  the  contractors'  participation  with  NASA 
management  right  up  to  the  launch  decision  point,  and  a  little 
more  formal  process  involved  in  the  polling  of  the  contractors. 

Mr.  Packard.  Mr.  Murphy,  if  you'd  had  that  system  set  up  prior 
to  the  accident,  would  the  flight — would  it  have  still  gone? 

Mr.  Murphy.  It  would  not  have  influenced  our  position  at  all. 
Our  hardware — we  had  stipulations  on  what  we  required  on  the 
hardware  during  the  whole  period.  They  were  met,  and  so  we  were 
in  a  "go"  posture  as  far  as  we  were  concerned.  It  would  not  have 
affected  our  position. 

Mr.  Packard.  One  last  question,  Mr.  Chairman,  if  I  may. 

We  know  that  the  SRB's,  Mr.  Murphy,  were  not  adequately  tem- 
perature-certified. There  was  obviously  considerable — much  of  our 
testimony  of  the  last  few  weeks  has  been  regarding  the  0-ring,  its 
ability  to  adapt  to — or  inability  to  adapt — to  cold  weather  and  the 
cold  weather  problems  that  existed  on  the  morning  of  the  flight. 

It  was  reviewed  by  a  whole  bevy  of  experts,  and  still  it  was  not 
determined  to  be  reason  enough  to  cancel  the  flight.  In  redesign 
what  will  be  done,  do  you  think,  differently  than  what  was  done  in 
this  case  that  will  protect  from  a  similar  situation  existing? 

Mr.  Murphy.  Well,  you  know,  the  temperature  relationship  pri- 
marily has  to  do  with  the  SRM,  which  is  not  our  responsibility.  It 
is  the  responsibility  of  Thiokol.  The  SRB  hardware,  as  far  as  we're 
concerned — we're  low-temperature  qualified  to  meet  the  criteria  of 
that  day.  We  were  not  associated  with  the  SRM,  so  what  is  being 
done  in  that  matter  to  recertify  that  hardware  is  strictly  up  to  that 
contractor. 

Mr.  Packard.  Is  it,  in  your  judgment — is  the  solution  to  the  cold 
weather  going  to  be — and  in  the  redesign — is  it  going  to  be  to  adapt 
and  be  able  to  fly  under  cold  weather  conditions,  sub-freezing  con- 
ditions, or  is  it  going  to  be  to  just  simply  fly  no  flights  below  50 
degrees  or  something? 

Mr.  Murphy.  Well,  of  course,  I'm  not  really  qualified  to  make 
that  commitment  because  it's  not  our  responsibility.  However,  they 
are  planning  on  having  a  heating  capability  at  Vandenberg.  I  can 
see  no  reason  whatsoever  they  could  not  have  a  heating  capability 
at  the  launch  site  at  KSC  so  that  the  temperature  would  not 
become  a  problem. 

Mr.  Packard.  Would  that  correct  temperature  problems  after 
launch? 

Mr.  Murphy.  Yes — it  would  correct  the  launch  temperature,  and 
that  is  the  primary  concern. 

Mr.  Packard.  That  is  the — there  is  not  a  temperature  problem 
once  they  move  away  from  the  atmosphere? 

Mr.  Murphy.  Not  that  I  perceive. 

Mr.  Packard.  That's  all  I  have,  Mr.  Chairman.  Thank  you. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
California,  Mr.  Brown. 

Mr.  Brown.  Mr.  Murphy,  I'm  not  quite  clear  where  your  respon- 
sibility and  Morton  Thiokol 's  begin  and  leave  off.  Could  you  ex- 
plain that  in  fairly  simple  terms  for  me? 

Mr.  Murphy.  Yes;  we  primarily  have  all  responsibility  for  all  of 
the  SRB  hardware,  with  the  exception  of  the  solid  rocket  motor. 
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We  procure  all  of  the  structure  hardware;  we  procure  the  thrust 
vector  control  system;  we  procure  the  booster  separation  motors; 
and  basically,  we  assemble  all  this  hardware  primarily  in  the  nose 
cone  and  the  frustum.  We  assemble  the  parachute  system.  In  the 
forward  skirt  we  assemble  the  electronics,  the  lEA's;  and  then  the 
aft  skirt  holds  the  thrust  vector  control  system  and  the  actuators 
and  the  booster  separation  motors,  located  both  in  the  aft  skirt  and 
in  the  frustum.  That  is  the  hardware  that  we  procure.  We  assemble 
it;  we  check  it  out.  And  at  that  time,  as  far  as  we're  concerned, 
that  hardware  has  performed  as  designed  and  we  in  turn  transfer 
that  to  the  Government,  to  the  shuttle  processing  contractor,  who 
is  responsible  for  stacking  that  hardware,  along  with  the  solid 
rocket  motor,  into  a  solid  SRB.  We  only  have  an  observation-type 
responsibility  once  we  transfer  the  hardware  across  the  aisle,  and 
that  is  one  of  our  concerns,  that  we  have  not  had  the  visibility  that 
we  would  like  to  have  under  the  present  SPC  arrangement. 

Mr.  Brow^n.  And  Morton  Thiokol,  then,  has  the  responsibility  for 
the  solid  rocket  motors? 

Mr.  Murphy.  Yes;  and  additionally,  when  the  solid  rocket  is  sep- 
arated and  is  recovered  again,  the  SPC  recovers  it,  brings  it  back 
in,  and  separates  it,  and  we  get  our  hardware  back— the  frustum, 
the  forward  skirt,  and  the  aft  skirts— to  tear  down  and  determine 
the  wear  and  tear  on  the  hardware  and  start  the  refurbishment  ac- 
tivities at  that  time. 

Mr.  Brown.  When  Mr.  Fletcher  announced  that  we  wouldn't  be 
able  to  launch  again  until  the  first  quarter  of  1988,  I  think  he  an- 
nounced that  it  was  based  upon  the  new  estimates  of  the  design  for 
the  solid  rocket  motor.  Is  that  right? 

Mr.  Murphy.  I  think  the  solid  rocket  motor  has  an  influence  on 
it  in  the  testing  required  to  verify  it,  yes. 

Mr.  Brown.  I'm  very  much  concerned,  and  I  think  everyone  con- 
cerned with  the  program  is  concerned,  about  this  long  delay  in  the 
launch  time.  And  I  was  looking  at  each  of  your  testimonies  from 
the  standpoint  of  how  you  felt  about  being  able  to  fly  again.  And 
Mr.  Jeffs,  you  said  that  you  could  complete  your  work  in  18 
months,  which— I  don't  know  when  you  start  counting,  but  if  you 
start  counting  from  today  that  would  bring  us  into  the  first  quarter 
of  1988,  wouldn't  it? 

Mr.  Jeffs.  We've  already  started  on  the  valves.  So  the  first  quar- 
ter of  1988,  if  we  incorporate  the  locking  feature  and  the  17-inch 
disconnects— we've  been  flying  without  that  locking  feature,  and 
we've  had  confidence  in  this  system  when  properly  rigged.  We 
could  fly  it  now  without  the  locking  feature. 

Mr.  Brown.  So  from  your  standpoint  it  would  be  possible  to  fly 
earlier  than  that  date? 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Brown.  And  Mr.  Davis,  you  didn't  feel  there  were  any  prob- 
lems in  flying  by  July  1987? 

Mr.  Davis.  That's  correct. 

Mr.  Brown.  And  the  same  with  you,  Mr.  Murphy? 

Mr.  Murphy.  Yes,  sir,  that's  true.  Our  certification  schedule  per- 
mits us  to  fly  at  that  time. 
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Mr.  Brown.  So  the  limiting  item  then  is  the  redesign  and  then 
the  remanufacture  of  the  soHd  rocket  motor.  Is  that — I'm  just 
trying  to  understand  this. 

Mr.  Murphy.  That  is  my  impression. 

Mr.  Brown.  It's  just  an  impression,  though?  You're  not  sure? 

Mr.  Murphy.  Well,  I  do  not  know  the  schedule  for  the  SRM  fix 
and  the  testing  techniques  at  this  time.  But  I've  got  to  assume, 
since  the  other  elements  of  the  shuttle  are  ready  to  launch,  it  has 
to  be  associated  with  the  solid  rocket  motor. 

Mr.  Brown.  Is  there — well,  it  wouldn't  be  appropriate  to  ask  you 
gentlemen  whether  or  not  we  could  beat  this  schedule,  because  as 
far  as  you're  concerned  we  could.  Is  that  my  understanding  from 
all  of  you? 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Brown.  This  obviously  enters  into  some  of  the  policy  discus- 
sions about  which  way  we  go  with  regard  to  a  fourth  orbiter  and  so 
on,  but  this  rather  lengthy  delay  casts  a  cloud  on  many  aspects  of 
the  program,  including — I  suspect  it  gives  a  better  case  for  not 
building  a  fourth  orbiter  and  proceeding  with  the  three  that  we 
have,  and  then  hoping  that  we'll  get  another  generation  of  vehicle, 
the  national  aerospace  plane  or  something  of  that  sort.  And  I 
concur  with  the  feelings  that  I  think  you've  all  expressed,  that  we 
should  proceed  with  the  fourth  orbiter,  and  I'd  like  to  identify  how 
we  could  make  the  best  possible  case  for  that. 

I  have  no  further  questions,  Mr.  Chairman. 

Mr.  Roe.  The  Chair  recognizes  the  gentleman  from  Pennsylva- 
nia, Mr.  Walker. 

Mr.  Walker.  Thank  you,  Mr.  Chairman. 

I  was  not  here  for  your  testimony  but  I  understand  that  all  of 
you  have  testified  that  you're  going  to  requalify  your  hardware; 
and,  in  the  case  of  the  orbiter  itself,  there  are  going  to  be  some 
fixes  that  are  going  to  take  place  and  that  in  each  case,  if  you  find 
things  that  are  problems  during  the  requalification,  that  you  would 
do  the  fix. 

Can  each  of  you  give  me  an  estimate  of  how  much  it's  going  to 
cost  NASA  for  the  particular  work  from  your  company  to  be  done? 
Mr.  Jeffs,  in  particular,  you  have  brakes  to  do,  a  whole  bunch  of 
things  that  are  going  to  have  to  be  done  to  the  orbiter.  Do  you  have 
a  cost  estimate  as  to  how  much  that's  going  to  cost  us? 

Mr.  Jeffs.  Well,  as  you  know,  the  brakes  have  been  in  work  for 
some  time.  As  a  matter  of  fact,  the  designs  have  essentially  been 
released. 

What  we're  going  to  do  in  total  in  the  way  of  fixes,  because  there 
are  a  lot  of  small  changes  that  are  introduced  in  the  system,  is 
going  to  be  dependent  upon  the  NASA's  review  of  those  and  the 
determination  of  which  of  those  are  going  to  be  incorporated.  We 
have  not  prepared  cost  estimates  on  those  numbers  yet,  and  I 
would  prefer  not  to  give  you  a  wrong  or  a  wild  estimate  on  it.  I'd 
rather  submit  for  the  record  subsequently  what  the  dollars  are 
going  to  be  associated  with  the  changes  that  are  accepted. 

Mr.  Walker.  Well,  you've  given  the  committee,  though,  the  17- 
inch  external  tank  orbiter  disconnect;  the  brakes;  the  APU  fuel  iso- 
lation valves;  the  reaction  control  system,  and  the  avionics  system. 
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All  of  those,  you  say,  are  going  to  be  done  to  support  the  next 
flight. 

Mr.  Jeffs.  Yes. 

Mr.  Walker.  Now,  what's  the  cost  of  just  those? 

Mr.  Jeffs.  I  don't  have  a  number,  sir.  I'm  going  to  have  to  get  it 
separately  and  submit  it  to  you.  We  have  not  generated  the  de- 
tailed cost  numbers  on  each  one.  You  know,  they  vary — the  gamut. 
The  avionics  system,  as  far  as  the  chips  are  concerned  for  the 
MDM's,  is  going  to  be  a  relatively  small  item;  probably,  I  expect,  a 
very  few  million  to  retrofit  those  particular  MDM's.  And  I  don't 
know,  on  the  reaction  control  system,  exactly  what  kind  of  disas- 
sembly we  have  to  go  to  in  order  to  get  the  thermocouples  on  the 
system. 

The  cost  estimates  have  not  been  generated  as  yet.  They  are  in 
the  process,  as  I  say. 

Mr,  Walker.  I  think,  based  upon  what  we  are  going  to  have  to 
be  doing  as  a  committee,  it  would  be  very  useful  if  we  could  get 
some  idea  of  those  cost  estimates,  so  I  would  appreciate  as  a  part  of 
the  record  of  this  committee  that  you  would  submit  at  least  the 
cost  estimates  that  have  been  worked  up  to  this  time  so  we  can  get 
some  idea  as  to  what  all  this  is  going  to  cost  because  we're  very 
likely  to  have  NASA  coming  in  here  suggesting  to  us  that  we've 
got  to  come  up  with  the  money.  So  it's  going  to  be  very,  very  im- 
portant to  us  to  get  some  idea  as  to  what  all  these  costs  are  going 
to  be. 

Mr.  Jeffs.  We  will  see  to  it  that  you  get  the  numbers  that  3^ou 
request.  I  would  caution  that  we  submit  the  numbers  to  the  NASA; 
sometimes  the  things  that  we  do  on  the  vehicle  interact  in  other 
areas  with  a  system  that  require  NASA  to  add  different  dollars 
onto  it,  tnat  we  haven't  got  the  visibility  of,  so  the  total  dollars 
would  really  come  from  NASA  to  you  on  these  particular  fixes. 
We'll  make  sure  that  we  get  ours  in  to  NASA  and  that  they  know 
of  the  request  as  soon  as  possible. 

Mr.  Walker.  Well,  I  understand,  but  it's  very  important  to  us  to 
get  some  idea  of  what  these  costs  are  going  to  be. 

Mr.  Davis,  do  you  have  any  idea  of  what  the  costs 

Mr.  Davis.  We're  essentially  in  a  similar  position.  We're  assess- 
ing the  costs  and  getting  ready  to  submit  new  estimates  to  NASA, 
and  we  will  essentially  comply  in  the  same  manner  as  Rockwell. 

Mr.  Walker.  Mr.  Murphy. 

Mr.  Murphy.  I  believe  that  our  complete  redesign  certification — 
and  depending  on  what  is  found  during  that  design  certification — 
could  influence  the  costs  that  we  are  looking  at.  I  think  at  the 
present  time  right  now  we  are  looking  probably  at  about  a  $60  mil- 
lion effort. 

Mr.  Walker.  At  $60  million?  OK.  I  thank  you.  And,  Mr.  Davis, 
as  soon  as  you  submit  those  costs  to  NASA  we'd  like  to  have  those 
costs,  too,  so  that  we  would  know  what  that  figure  is. 

[Material  was  not  available  at  press  time.] 

Mr.  Walker.  Mr.  Jeffs,  where  do  we  stand  with  regard  to  the 
new  orbiter,  with  engines?  I'm  looking  for  some  idea  as  to  how  long 
it  would  take  us  to  do  that,  what's  your  latest  guess  as  to  how  long 
it  would  take  us  to  put  a  new  orbiter  on  line  with  engines  in  place, 
and  how  much  would  it  cost  us? 
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Mr.  Jeffs.  Well,  sir,  we  have  submitted  those  numbers,  as  far  as 
the  Rockwell  numbers  are  concerned,  to  the  NASA.  The  time  esti- 
mate was  about  three  and  a  half  years.  We  are  starting  with  a 
jump  on  the  process,  as  you  know,  because  we  do  have  structural 
spares  that  we  can  assemble  into  that  orbiter,  most  of  which  we've 
received  except  for  the  wing. 

Mr.  Walker.  Three  and  a  half  years  from  the  time  that  we 
commit? 

Mr.  Jeffs.  Three  and  a  half  years  from  the  time  that  you  commit 
and  I  turn  the  lights  on  in  Palmdale.  I  think  we  can  beat  that.  I 
think  we  can  do  it  a  little  faster  than  that 

Mr.  Walker.  That's  with  engines? 

Mr.  Jeffs.  That's  with  four  engines  to  support. 

Mr.  Walker.  And  what's  your  latest  cost  estimate? 

Mr.  Jeffs.  The  numbers  that  we  submitted — Rockwell  dollars, 
now,  and  not  added  numbers  that  get  into  the  system  because  of 
suits  and  other  things  that  the  NASA  has  to  add  to  it 

Mr.  Walker.  I  understand. 

Mr.  Jeffs  [continuing].  Just  the  Rockwell  estimate  was  $1.85  bil- 
lion, of  which  about  $420  million  had  already  been  spent  for  struc- 
tural spares.  So  it's  a  net  of  the  difference  of  those  two  numbers. 

Mr.  Walker.  So  it's  somewhere  in  the  range  of  $1.4  billion? 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Walker.  The  Commission  also  called  upon  NASA  to  restore 
the  spare  parts  program  and  to  make  certain  that  we  don't  have  to 
cannibalize  one  ship  in  order  to  fly  others.  How  much  is  it  going  to 
cost  us  to  restore  the  spare  parts  program? 

Mr.  Jeffs.  Well,  we  have  given  the  NASA  a  plan  for  getting  the 
spares  program  up  on  the  step;  and,  of  course,  this  time  delay 
period  gives  us  a  chance  to  replenish  the  stock.  And  also,  it's  a 
function  of  the  numbers  of  flights  a  year  as  to  the  total  stock  you 
have  to  put  together. 

I  believe  those  numbers  are  part  of  the  basic  NASA  plan,  and 
they  are  something  on  the  order  of— the  numbers  that  I  recall  were 
about  $250  million  for  3  years,  starting  in  1987.  But  those  were,  in 
good  part,  part  of  the  basic  plan  that  NASA  has  now  accepted  as 
the  logistics  program. 

Mr.  Walker.  That's  very  helpful. 

One  final  question.  Are  your  subcontractors  still  capable  of  pro- 
ducing the  spare  parts?  In  other  words,  are  the  subcontractors  in 
place  and  capable  of  carrying  out  a  spare  parts  program  in  that 
kind  of  a  restoration? 

Mr.  Jeffs.  Yes,  sir.  The  spares  program  has  helped  us  maintain  a 
good  part  of  that  base.  It  won't  be  long  before  we're  going  to  start 
losing  a  few  of  the  subcontractors;  I  would  say  another  four  to  five 
months  and  we'll  start  dropping  off  contractors  that  we  will  not  be 
able  to  bring  back,  and  we'll  have  to  start  out  with  new  parts. 

So  the  basic  answer  to  the  question  is,  between  NASA  and  our- 
selves, we've  maintained  that  base  but  it's  not  going  to  be  far  from 
starting  to  disappear  on  us,  timewise. 

Mr.  Walker.  And  if  in  fact  the  subcontractors  start  to  disappear, 
it  will  be  entirely  more  costly  than  the  $250  million  a  year  that 
you  quoted  to  me  just  a  moment  ago,  wouldn't  it? 
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Mr.  Jeffs.  Well,  yes,  sir;  I  think  that  would  have  a  graduating 
effect  into  the  cost.  It  does  amplify  because  redesign  is  required; 
sometimes  that  reflects  back  up  into  the  rest  of  the  system. 

Mr.  Walker.  And  would  that  begin  to  add  costs  to  the  produc- 
tion of  a  fourth  orbiter  as  well,  if  you  lose  some  of  those  subcon- 
tractors? 

Mr.  Jeffs.  If  we  let  it  go  too  long,  it  could.  I  would  say  that  if  we 
let  it  go  for  another  6  months — or  over  6  months;  beyond  about  6 
months — I  would  say  we're  going  to  start  getting  into  a  lot  of  addi- 
tional redesign. 

Mr.  Walker.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman  from  Pennsylvania. 

I  want  to  thank  all  of  the  witnesses,  but  I  think  I  want  to  get  on 
the  record  one  more  item. 

You  mentioned,  Mr.  Jeffs,  that  the — I  believe  it  was  you  that 
mentioned  it — it  would  probably  take  three  and  a  half  years  to  lit- 
erally build  the  fourth  orbiter,  but  you  also  made  a  comment 
during  your  testimony,  and  I  want  to  just  reiterate  it,  that  we're 
really  in  the  generation  now,  and  we're  talking  another  10  years  or 
15  years  as  we  go  through  the  experimentation  work  we're  doing 
and  particularly  get  into  the  space '  station  program,  which  is 
geared  to  the  shuttle  issue.  So  that  it's  profitable  as  far  as  the 
Nation  is  concerned,  that  the  quickest  way  and  the  most  cost-effec- 
tive, the  most  risk-free  way  to  get  back  into  space  is  to  go  in  the 
direction  of  building  the  fourth  orbiter  so  that  at  least  we  have 
that  system  as  our  contemporary  system  while  we're  looking  to  the 
future.  Is  that  a  fair  statement  for  all  of  you  to  make,  Mr.  Jeffs, 
Mr.  Davis,  Mr.  Murphy?  Do  you  all  see  it  that  way? 

Mr.  Jeffs.  Yes,  sir. 

Mr.  Davis.  I  would  certainly  agree  that  using  our  current  system 
is  a  much  safer  and  a  much  more  cost-effective  way  to  go  than 
starting  out  on  a  new  development,  like  an  aerospace  plane. 

Mr.  Jeffs.  It  works.  It  does  its  job  very  well. 

Mr.  Murphy.  The  Russians  are  still  using  Soyuz. 

Mr.  Roe.  Well,  I  think  it's  important  to  say— I  see,  with  this 
delay  issue — and  the  second  leg  of  the  question  I  want  to  ask  you, 
the  space  program  is  a  different  program,  really,  of  an3rthing  else 
we're  doing  where  expertise  is  involved.  That  doesn't  mean  we're 
not  using  a  series  of  different  discipline  engineers  and  scientists 
and  so  on,  but  the  coordination  of  the  program  to  literally  make 
the  launch  and  sustain  the  launch  is  a  very  special,  special  area 
indeed  in  the  engineering  world,  I  would  say,  from  my  observation. 

One  other  thing  that  concerns  this  Member  is  that  if  we  putz 
around  too  long,  and  people  are  afraid  to  make  a  decision — what- 
ever the  reason  for  that  may  be — taking  in  full  consideration  that 
safety  is  number  one,  as  you've  all  testified  to,  that  we  could  start 
to  lose  highly  promising  and  highly  trained  personnel.  And  that's 
also  an  integral  part  of  the  whole  system  because  if  you  don't  have 
the  hands  and  the  minds  to  make  and  fabricate  and  design  the 
equipment,  it's  not  going  to  be  done  anyway.  Do  you  share  a  con- 
cern? Are  your  companies  starting  to  lay  off  people  and  to  curtail 
advanced  employment  as  far  as  new  engineering  crops  are  con- 
cerned, coming  from  the  universities?  How  do  you  see  this  affecting 
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the  whole  basic  industry  as  far  as  personnel  is  concerned  and  delay 
and  rebuilding  our  expertise?  Anybody  want  to  comment  to  that? 

Mr.  Jeffs.  Well,  I  guess  we've  got  probably  the  biggest  prolalem. 
It  is  a  concern  with  respect  to  the  total  space  team,  and  that's  the 
Government  and  the  industry  side. 

Mr.  Roe.  That's  what  I'm  talking  about. 

Mr.  Jeffs.  We  have  a  lot  of  work  to  do  in  the  spares  program 
that  you  identified,  in  going  through  the  changes  activity  that 
we're  going  through  now  on  both  our  engines  and  the  orbiters.  We 
can  pretty  well  sustain  a  fundamental  capability,  clearly,  for  a 
year.  A  year  after  that,  though,  our  forces  are  going  to  start  drop- 
ping down,  particularly  in  the  orbiter  area,  and  they  are  going  to 
threaten  our 

Mr.  Roe.  That's  precisely  the  point  I'm  trying  to  get  at.  The 
debate— if  the  gentleman  would  hold— the  debate  at  hand  is  wheth- 
er or  not  we  go  with  the  fourth  orbiter,  and  all  the  reasons  and  all 
of  the  discussions  we've  had  and  all  the  witnesses,  including  your- 
selves, up  to  now— and  you're  making  a  very  telling  point,  that 
unless  that  decision  is  made  someplace  along  the  line  in  the  rea- 
sonable future,  that's  going  to  exacerbate  the  time  in  the  whole 
system  as  far  as  we're  concerned.  Does  that  make  sense? 

Mr.  Jeffs.  Yes,  sir,  and  that's  the  team,  between  NASA  and 
Rockwell,  that  is  essentially  the  foundation  for  the  present  manned 
space  program. 

Mr.  Roe.  That's  exactly  where  I'm  coming  from. 

So  we're  not  just  talking  about  extending  a  year.  What  we're 
simply  saying,  that  if  the  fundamental,  basic  decision  isn't  made  to 
go  ahead  with  the  fourth  orbiter  as  quickly  as  possible,  the  year 
extension  that  Dr.  Fletcher  has  talked  about  could  extend  way 
beyond  1988,  potentially.  Is  that  a  fair  commentary  to  make? 

Mr.  Jeffs.  Yes. 

Mr.  Davis.  I  might  comment  that  probably  my  situation  is  a 
little  more  unique  in  terms  of  the  fact  that  we  are  an  expendable 
unit.  And  actually,  the  long  extensions  essentially  threaten  further 
layoffs  of  qualified  people  that  you  need  to  build  the  safe  hardware. 
And  certainly,  the  long  extension  is  not  in  our  favor  nor  in  the  Na- 
tion's favor  for  us  to  allow  that  to  happen.  It  takes  a  good  period  of 
time  to  take  a  laborer,  train  him,  certify  him,  get  the  mission  suc- 
cess culture  imbued  in  him,  in  order  to  produce  safe  hardware.  So 
the  longer  we  go  and  the  more  we  lay  off  people,  the  worse  it's 
going  to  be  trying  to  get  back  on  line  with  safe,  good  hardware. 

Mr.  Roe.  Mr.  Murphy. 

Mr.  Murphy.  We're  a  little  different,  somewhat.  We  have,  of 
course,  experienced  layoffs  like  everybody  else,  but  the  layoffs  have 
primarily  been  in  our  technician  area. 

With  the  recertification  and  the  activities  associated  with  the 
hardware  that  we  have  already  put  together— obviously,  that  hard- 
ware is  going  to  be  given  back  to  us.  We're  going  to  take  it  down 
and  modify  it  and  build  it  back  up  again.  So  between  that  and  the 
recertification  program,  I  do  not  see  a  loss  of  our  engineering  skills 
within  the  immediate  future.  I'd  say  we  have  sufficient  tasks  to 
keep  those  skills  around  for  at  least  two  to  three  years. 
Mr.  Roe.  OK. 
The  Chair  recognizes  the  gentleman  from  Florida. 
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Mr.  Nelson.  Thank  you,  Mr.  Chairman. 

Gentlemen,  good  morning.  I  want  to  get  some  additional  informa- 
tion about  the  decision  to  launch,  either  a  go  or  a  no  go.  Can  you 
share  with  me  your  past  experience  about  where  you  have  given 
input  and  NASA  has  disagreed  with  that  input,  either  no  launch  or 
the  opposite  of  launch,  where  you  were  giving  the  opposite  advice? 
Can  any  of  you  share  with  us  that  previous  experience? 

Mr.  Davis.  I  can  share  that  pretty  rapidly.  We  have  never  dis- 
agreed with  NASA  relative  to  a  launch  or  a  no  go.  I  also  felt  that  if 
indeed  NASA  felt  that  they  were  going  to  launch  over  my  objec- 
tions, that  I  had  every  avenue  open  to  me  to  try  to  prevent  that. 
Mr.  Murphy.  We  have  not  experienced  that  problem  either  and 
do  not  pretend  to  experience  it.  Our  relationship  is  very  direct  and 
we  would  have  no  problem  at  all,  I'm  sure,  of  stopping  a  launch  if 
necessary. 

Mr.  Jeffs.  I  don't  really  have  any  problem  with  that,  Mr. 
Nelson.  I  remember  no  situations  where  they  haven't  listened  to 
what  we  had  to  say  and  taken  appropriate  action,  and  that  in- 
cludes the  recently  discussed  icing  problem. 

Mr.  Nelson.  Well,  except  on  January  27  and  28.  You  had  a  dis- 
agreement there. 

Mr.  Jeffs.  I  went  through  that  earlier,  Mr.  Nelson,  when  you 
were  out  of  the  room.  But  I  think  we  had  a  difference  of  technical 
assessment  of  the  depth  of  the  concern  relative  to  potential  damage 
to  the  tiles.  We  did  not  have  a  go  or  no  go;  we  had  a  strong  concern 
lest  there  be  damage  to  the  tiles  from  the  ice  source.  We've  experi- 
enced ice  source  problems  before  from  ET,  as  you  well  recall,  so 
there's  been  experience  with  ice  damage  on  the  tile  system.  We 
don't  like  it.  We  try  to  avoid  it;  that's  why  we  spend  so  much  time 
and  effort— all  contractors— to  clean  up  the  ET.  We  didn't  know 
where  the  ice  was  going  to  go,  and  that  was  our  concern.  NASA 
had  separately  analyzed  the  problem;  they  were  concerned  about  it 
too,  but  they  did  not  feel  that  it  was  going  to  be  a  mission  or  safety 
issue  relative  to  potential  impact  to  the  tiles,  even  during  the  aspi- 
ration and  the  liftoff.  So  I  knew  they  knew  that,  and  they  knew  I 
knew  that. 

Mr.  Nelson.  I  apologize  for  not  being  here.  I  was  outside  meeting 
with  Dr.  Fletcher  on  another  matter. 

Let  me  just  ask  you  this.  In  your  conversations  regarding  ice  and 
the  potential  hazards,  did  anyone  ever  bring  up  the  fact  of  it  being 
slippery  on  the  launch  tower  in  case  an  emergency  egress  had  to  be 
made  to  get  out  of  there  and  get  into  that  wire  basket? 

Mr.  Jeffs,  Well,  I  was  not  in  on  the  decisionmaking  process;  and, 
as  you  know,  it's  not  our  responsibility  relative  to  those  kinds  of 
issues  on  the  pad.  We  didn't  have  the  visibility.  We  were  looking  at 
it  from  Downey,  so  I  don't  know.  However,  I  think  it  certainly  is  a 
concern  in  retrospect. 

Mr.  Nelson.  You're  not  aware  of  any  particular  conversa- 
tion  

Mr.  Jeffs.  No. 
Mr.  Nelson.  All  right. 

Do  you  all  individually,  representing  your  companies,  feel  that 
you  have  sufficient  input  in  the  flight  readiness  review  or  any  of 
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the  other  meetings  that  get  right  up  to  the  L-minus-one  meeting, 
that  your  input  would  be  sufficient  in  the  past  to  delay  a  launch? 

Mr.  Jeffs.  As  I  think  most  of  these  witnesses  have  stated — I've 
certainly  stated — there's  nothing  stopping  us  from  calling  program 
managers  or  center  directors  or  the  Administrator  if  we  feel  that 
we  have  a  problem  and  we  have  the  visibility  to  see  that  problem.  I 
think  that  the  process  should  be  formalized  a  bit  more,  and  the 
contractors  should  be  asked  to  formally  state  their  position  all  the 
way  through  the  process  up  to  launch  because,  as  you  know,  when 
things  recycle  things  get  a  little  confusing.  And  so  I  believe  that  it 
should  be  formalized  to  a  better  degree,  but  there's  nothing  right 
now  that  prevents  us — or  ever  has — from  expressing  our  views. 

Mr.  Davis.  I  would  tend  to  agree  with  that.  I  think,  as  we  dis- 
cussed while  you  were  out,  it's  not  the  process  or  the  accessibility 
to  make  those  recommendations.  The  thing  that  has  concerned  us 
with  the  SPC  is  our  lack  of  visibility  with  some  issues  relative  to 
our  hardware  that  then  gives  us  the  knowledge  to  make  some  rec- 
ommendations. 

Mr.  Murphy.  I  have  to  agree  with  that.  I  think  that  in  the  lack 
of  visibility  for  the  SPC  activities,  we  are  not  as  comfortable  as  we 
would  like  to  be  before  the  launch  because  unless  there  is  a  break- 
down of  the  OMRSD  or  the  critical  launch  criteria  thing,  the  prob- 
lem is  not  necessarily  brought  to  our  attention.  And  we  think  it 
should  be. 

Mr.  Jeffs.  Mr.  Congressman,  if  I  might  add  to  that  from  our 
views.  We  see,  right  up  to  the  last  minute,  the  functioning  hard- 
ware and  whether  there's  anything  going  wrong  with  it,  and  that's 
where  we  can  get  in  the  act  and  contribute.  But  like  these  gentle- 
man have  said,  we  also  have  the  concerns  that  we  don't  know  ex- 
actly what's  happened  to  every  tile  on  the  vehicle,  for  example, 
whether  it's  been  full  test  verified  after  installation  and  that  sort 
of  thing.  We  don't  have  that  visibility  any  more;  that's  somebody 
else's,  and  that's  the  kind  of  thing  that  makes  us  nervous  relative 
to  being  able  to  account  for  all  aspects  of  our  hardware  being  ready 
to  fly. 

Mr.  Nelson.  Let  me  shift  to  another  subject.  The  Commission 
had  a  recommendation  that  a  shuttle  safety  advisory  panel  should 
be  established,  and  it  should  report  to  the  STS  program  manager. 
What  are  your  agreements  or  disagreements  or  comments  about 
that  recommendation? 

Mr.  Jeffs.  Well,  we  have  no  objection  to  added  elements  in  the 
system  that  would  further  the  focus  on  safety.  However,  safety  is 
not  going  to  be  built  into  the  system  by  another  panel;  it's  going  to 
be  built  in  by  every  man  and  woman  of  us  that  work  on  it,  right 
down  to  the  lowest  level.  So  it's  the  technicians,  the  engineers,  the 
managers,  and  all  of  us  that  are  responsible  and  accountable  for 
that  safety.  'To  have  another  group  that  tends  to  remind  us  of  that 
responsibility  from  time  to  time  won't  hurt  a  thing,  but  the  ac- 
countability has  to  be  on  those  that  are  doing  it  and  not  those  that 
are  overviewing  it. 

Mr.  Davis.  I  tend  to  agree  with  that.  I  think  I  pointed  that  out  in 
my  testimony,  that  the  responsibility  has  to  remain  squarely  on 
the  NASA  projects  and  the  contractors  to  commit  for  the  safety  of 
the  launch. 
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Mr.  Murphy.  I  have  to  concur  with  that.  I  don't  have  any  other 
comment  than  that.  I  think  that  motivation  and  discipline  are 
going  to  provide  the  safety  that's  required. 

Mr.  Nelson.  OK. 

Finally,  Mr.  Chairman,  with  the  SRB  joint  having  been  the  prob- 
lem for  this  terrible  tragedy,  along  with  all  the  other  things  that 
the  Presidential  Commission  has  come  out  and  identified  as  the 
problem,  looking  back  on  how  the  whole  system  functioned  we 
found  out  that  there  were  a  whole  bunch  of  people  involved  in  the 
SRB  design  and  the  certification  process.  There  were  the  internal 
groups  at  Thiokol;  there  was  the  oversight  by  Marshall;  there  was 
a  thorough  review  by  an  outside  group,  headed  by  Dr.  Williams; 
there  was  the  Aerospace  Safety  Advisory  Panel;  there  was  the  cer- 
tification process  and  signing  off,  but  for  the  first  shuttle  flight, 
STS-1;  and  then  there  was  that  same  certification  process  and  sign- 
ing off  again  that  occurred  before  STS-5. 

Now,  still,  all  of  those  problems  went  undetected  by  so  many 
groups.  So  what  is  your  recommendation  to  us  as  we  now  oversee 
the  shoulder  of  NASA,  give  it  guidance,  see  how  the  implementa- 
tion of  the  Rogers  Commission  report  is  going,  so  that  we  have  the 
confidence  that  the  current  redesign  and  certification  process  is 
going  to  be  made  so  that  we  know  that  it  is  relatively  safe  when  we 
start  to  fly  again?  And  I  say  "relatively"  understanding — all  of  us 
understanding — that  space  flight  is  inherently  risky. 

Can  you  comment  on  that? 

Mr.  Davis.  We  can  only  comment  on  our  own  systems  because 
those  are  the  ones  we  know  of.  But  certainly,  from  the  external 
tank  viewpoint,  we  found  the  system  to  be  rather  thorough.  Now,  I 
think  you've  got  to  realize  that  it  takes  both  contractors  and  NASA 
to  make  that  system  work,  and  some  of  the  things  that  are  being 
done  different  that  I  think  will  help — as  I  mentioned,  Marshall 
Space  Flight  Center  has  contracted  with  other  companies  for  inde- 
pendent FEMA/CIL  assessments  of  their  hardware.  In  particular, 
Rockwell  is  doing  a  total  independent  assessment  of  my  external 
tank  hardware,  and  I  think  that's  well  looked-to.  I  look  to  their  ex- 
pertise to  question  everything  we  did  and  maybe  give  us  some 
advice  on  how  to  make  it  better. 

I  think  the  other  thing  I  would  recommend  is  that  the  processes 
set  up,  the  flight  readiness  processes,  are  all  structured  with  cer- 
tain criteria  to  look  at  things,  and  so  forth.  Those  need  to  be  re- 
evaluated, what  are  you  looking  at,  why  are  you  looking  at  it,  what 
questions  are  being  asked,  and  I  think  with  some  of  the  lessons 
learned  from  this  tragedy  I  think  we  can  maybe  ask  some  harder 
questions,  tougher  questions.  Some  of  the  issues — are  we  satisfied 
with  a  rationale  that  says,  "Well,  it  takes  a  double  failure  to  cause 
this  to  happen" — questions  like  that — is  that  adequate  for  crit-1 
items?  Those  types  of  things,  I  think,  are  in  the  process  of  being 
done  and  will  give  us  the  additional  confidence  in  the  future. 

Mr.  Jeffs.  I  have  something  to  add  to  that.  I  don't  have  any 
quarrel  with  those  points;  however,  I  think  that  it's  a  further  argu- 
ment to  make  sure  that  the  development  contractors  stay  in  the 
process  more  deeply,  including  in-depth  the  activities  at  the  cape. 
The  system  is  not  yet  fully  operational;  we're  still  learning  about 
this  system.  When  we  see  little  signs — and  I'm  not  suggesting  that 
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the  blow-by  on  the  seals  was  treated  this  way;  however,  in  a  situa- 
tion that's  operational,  technicians  could  look  at  such  kinds  of 
signs  and  say,  "Well,  that's  expected  of  the  system.  Clean  it  up  and 
let's  go  on."  Development  contractors  don't  do  that.  Their  account- 
ability is  to  understand  in  depth  what  is  causing  that,  why  it's  dif- 
ferent than  their  certification  tests.  Certification  tests  cannot  dupli- 
cate flight  conditions  and  never  will.  We  are  still  learning  about 
the  tile  system.  Regardless  of  who  is  running  the  cape,  we're  going 
to  continue  to  put  our  eyes  on  every  one  of  those  tiles  on  that  vehi- 
cle to  fully  understand,  as  it  matures— because  there's  no  way  to 
test  that  on  the  ground. 

So  in  my  view,  we've  done  the  best  with  our  cert  programs.  I 
think  they  have  been  the  best  that  money  could  do,  and  technology 
could  do;  they  have  been  pretty  damn  good.  We  have  found  very 
few  areas  where  we  have  been  surprised.  However,  it's  going  to 
take  constant  vigilance  when  we  operate  in  the  environments  that 
we  operate.  It's  all  the  more  reason,  in  my  view,  for  this  committee 
to  seriously  consider  making  sure  that  the  development  contractors 
phase  out  of  this  thing  as  its  operational  maturity  evidences  itself, 
and  I  don't  think  we  have  done  that  properly. 

Mr.  Murphy.  I  think  one  of  the  things  that  is  going  to  prevent  a 
recurrence  of  what  has  happened  in  the  past,  as  far  as  oversight 
committees  are  concerned,  is  that  we  have  come  a  long  ways  since 
the  initial  certification  of  the  program.  We  now  have  advanced  an- 
alytical tools  which  were  not  available  before.  We  also  have  the 
flight  environments  for  the  24  successful  flights;  it  gives  us  a  true 
indication  of  what  the  environment  is  that  we're  going  to  be  facing. 
Plus,  again,  the  environment  of  the  whole  aerospace  industry  has 
changed  dramatically  since  the  51-L.  And  all  of  these,  I  think,  will 
be  taken  into  consideration  and  will  provide  the  oversight  and  the 
proper  review  of  items  that  never  occurred  before. 

Mr.  Nelson.  Congressional  inquiry,  in  and  of  itself,  appears  to  be 
critical.  And  I  just  want  to  state  at  the  outset  that  what  we're  deal- 
ing with  here  is  an  incredibly  successful  flying  machine,  that  you 
keep  hearing  these  comments  about  "it's  old  technology"  and  folks 
don't  understand  that  at  least  three  aspects  of  the  STS  are  incred- 
ibly new,  radical  technology  that  nobody  else  has  and  everybody 
else  wants,  including  the  Soviets  and  including  the  intention  of  the 
French  to  build  a  space  shuttle. 

So  putting  my  questions  in  the  proper  context,  I  just  want  to 
make  it  clear  that  we  have  an  extraordinary  asset  here;  and  the 
question  is,  how  do  we  make  it  as  safe  as  possible  for  the  future? 

All  right.  Now,  I  want  to  end  up  with  this— OK,  would  the  chair- 
man rather  me  not? 

Mr.  Roe.  No,  no.  I  want  you  definitely  to  answer  that. 

Mr.  Nelson.  OK.  On  page  195  of  the  Rogers  Commission  report 

is  this  quote: 

If  Rockwell  and  Martin  Marietta  as  the  development  contractor  had  direct  in- 
volvement with  their  elements  of  the  shuttle  system,  the  likelihood  of  difficulties 
caused  by  improper  processing  would  probably  be  decreased.  Furthermore,  all  shut- 
tle elements  would  benefit  from  the  advantages  of  beginning-to-end  responsibility 
vested  in  individual  contractors,  each  responsible  for  the  design,  development,  man- 
ufacturing, operating,  and  refurbishment  of  their  respective  shuttle  elements. 
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From  the  Rogers  Commission;  that  was  part  of  the  findings,  but 
that  was  not  part  of  the  recommendations.  It  was  part  of  the  find- 
ings. 

All  right.  Now,  what  I  want  is — since  two  of  the  named  contrac- 
tors are  represented  here,  I  would  like  to  have  your  comments 
upon  that  finding  by  the  Rogers  Commission. 

Mr.  Jeffs.  Well,  I  fully  concur  with  that  finding.  We  made  that 
point  quite  clear  to  the  NASA  before  the  SPC  was  really — when  it 
was  originating. 

We  also  looked  at  ways  that  we  could  work  with  the  NASA  to 
reduce  the  costs  of  duplication  between  the  development  contrac- 
tors, to  attempt  to  provide  the  advantages  of  what  the  consolida- 
tion would  bring  costwise,  along  with  the  advantages  of  what 
would  be  brought  by  the  continual  hands-on  accountability  and  as- 
sociation with  their  hardware.  So  certainly,  I  agree  with  the  com- 
ment. 

That's  it. 

Mr.  Davis.  In  answer  to  your  question,  in  the  written  response  to 
your  No.  1  question  we  addressed  that  directly  and  stated  that, 
indeed,  we  felt  it  was  essential  that  we  resume  those  responsibil- 
ities. 

Generally,  we  have  been  in  an  oversight /review-type  mode  that 
has  not  allowed  us  to  really  know  everything  that's  going  on  with 
our  hardware;  indeed,  some  of  the  problems  that  were  outlined  in 
the  Commission's  report  relative  to  testing  that  was  missed,  events 
that  occurred  not  reported,  et  cetera,  we  do  not  have  visibility  of 
that.  And  it's  that  lack  of  visibility  that  concerns  us  relative  to  fi- 
nally making  a  commitment,  an  unequivocal  commitment  that 
we're  ready  for  launch. 

So  in  that  respect,  we  fully  support  those  recommendations  and 
we  believe  it's  essential  that  we  get  back  into  that  mode. 

Mr.  Nelson.  All  right. 

Thank  you,  Mr.  Chairman,  for  this  opportunity. 

Mr.  Roe.  I  thank  the  gentleman  from  Florida. 

I  want  to  thank  all  of  our  witnesses  for  an  excellent  presenta- 
tion, I  think  in  candor,  and  it  gave  you  an  opportunity  to  make 
many  of  the  presentations  you  wanted  to  make. 

There  are  a  series  of  other  questions,  as  I  mentioned  earlier,  that 
we'll  be  submitting  to  you  in  writing,  if  there's  not  objection,  and 
we'd  like  to  have  you  respond  to  them  for  the  committee.  So  we 
will  do  that  further. 

Mr.  Roe.  If  there  are  no  further  questions,  we  want  to  thank  you 
for 

Mr.  Davis.  Mr.  Chairman,  if  you  would — with  your  bearing  I'd 
like  to  make  a  very  short  statement,  I  believe,  to  finish  up  my  tes- 
timony. 

Mr.  Roe.  Mr.  Davis. 

Mr.  Davis.  We  believe  the  activities  in  process  to  prepare  the  ex- 
ternal tank  for  launch  are  thorough  and  complete.  They  will  help 
us  and  the  NASA  achieve  high  confidence  in  the  continuing  suc- 
cessful operational  performance  of  the  external  tank. 

We  at  Martin  Marietta  Corp.  are  totally  committed  to  making 
the  next  and  each  succeeding  shuttle  flight  a  100-percent  mission 
success,  and  we  are  fully  prepared  to  work  with  your  committee  to 
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resolve  any  issues  in  the  interests  of  our  common  goal  of  returning 
the  space  transportation  system  rapidly  and  safely  to  flight  status 
and,  in  so  doing,  return  our  Nation  to  preeminence  in  manned 
space  flight. 

I  appreciate  it. 

Mr.  Roe.  Thank  you. 

If  there  are  no  further  questions,  the  committee  stands  ad- 
journed until  tomorrow  at  9:30,  and  we'll  reconvene  from  there. 

[Whereupon,  at  11:55  a.m.,  the  committee  recessed,  to  reconvene 
at  9:30  a.m.  Wednesday,  July  16,  1986.] 
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WEDNESDAY,  JULY  16,  1986 

House  of  Representatives, 
Committee  on  Science  and  Technology, 

Washington,  DC. 

The  committee  met,  pursuant  to  call,  at  9:30  a.m.,  in  room  2318, 
Rayburn  House  Office  Building,  Hon.  Robert  A.  Roe  (acting  chair- 
man of  the  committee),  presiding. 

Mr.  Roe.  The  committee  will  come  to  order. 

Would  the  witnesses  please  rise  to  be  sworn. 

We  want  to  welcome  you  to  the  session.  If  you  would  raise  your 
right  hands  and  repeat  after  me. 

[Witnesses  sworn.] 

Mr.  Roe.  This  morning  marks  our  second  day  of  inquiry  from 
witnesses  that  represent  the  space  shuttle's  contractors.  These  2 
days  of  hearings  take  us  into  our  fourth  week  in  the  series  of  hear- 
ings that  the  Science  and  Technology  Committee  has  been  holding 
to  investigate  the  space  shuttle  Challenger  accident. 

In  the  design,  development,  and  demonstration  of  any  large-scale 
program,  we  must  bring  together  numerous  participants  in  an 
interlocking  and  interdependent  arrangement  to  produce  a  success- 
ful program.  The  manner  in  which  the  communications  and  re- 
sponsibilities are  carried  out  on  a  continuing  basis  in  these  ar- 
rangements determine  the  progress  and  operational  precision  of 
any  program.  Each  program  element  has  both  an  individual  and  an 
interrelated  task. 

In  the  Space  Shuttle  Program,  the  various  contractors  who  build 
and  service  the  shuttle  form  one  such  element.  The  shuttle  con- 
tractors that  we  heard  from  yesterday  represented  the  primary 
designer/developers  of  the  space  shuttle's  flight  hardware. 

Today  we  will  hear  testimony  from  those  contractors  involved  in 
processing  and  preparing  the  various  shuttle  elements  and  the  as- 
sociated payloads  prior  to  launch  at  the  Kennedy  Space  Center. 

With  us  are  E.D.  Sargent,  president  of  Lockheed  Space  Oper- 
ations Co.;  Mr.  David  Owen,  executive  vice  president,  Kennedy 
Space  Center;  Carver  Kennedy,  Morton  Thiokol,  vice  president;  and 
Mr.  Fred  Haise,  president  of  the  Grumman  Technical  Services  Di- 
vision. 

We  want  to  welcome  you.  We  are  trying  to  ascertain  from  all  of 
these  representatives  how  to  insure  optimum  safety  in  design  as 
well  as  operation  of  the  Space  Shuttle  Program.  The  lessons  that 
we  are  learning  from  the  January  28  shuttle  accident  and  its  sub- 
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sequent  investigations  will  not  only  guarantee  the  future  safety  of 
our  Space  Program,  but  will  also  teach  us  how  to  avoid  these  pit- 
falls in  the  process  of  developing  future  large-scale  projects  at  the 
national  and  international  level. 

We  want  to  welcome  you  all  to  the  hearing  this  morning  and 
first  and  foremost  we  will  now  call  upon  Mr.  Douglas  Sargent, 
president  of  the  Lockheed  Space  Operations  Co. 

Mr.  Sargent. 

STATEMENT  OF  E.  DOUGLAS  SARGENT,  PRESIDENT,  LOCKHEED 
SPACE  OPERATIONS  CO.,  AND  PROGRAM  MANAGER,  SHUTTLE 
PROCESSING  CONTRACT,  ACCOMPANIED  BY  FRED  HAISE, 
PRESIDENT,  GRUMMAN  TECHNICAL  SERVICES  DIVISION; 
CARVER  KENNEDY,  VICE  PRESIDENT,  MORTON  THIOKOL; 
DAVID  OWEN,  LOCKHEED  SPACE  OPERATIONS  CO.,  AND 
DEPUTY  PROGRAM  MANAGER,  KENNEDY  SPACE  CENTER 

Mr.  Sargent.  Thank  you,  Mr.  Chairman  and  members  of  the 
committee. 

It  is  a  pleasure  to  be  here  today  to  discuss  our  task  as  the  shuttle 
processing  contractor,  or  SPC  as  it  is  called.  I  am  here  both  as 
president  of  Lockheed  Space  Operations  Co.  and  as  program  man- 
ager of  the  shuttle  processing  contract. 

I  hope  to  provide  additional  insight  into  our  operating  philoso- 
phy, and  to  discuss  some  specific  issues  which  have  been  the  focus 
of  attention  since  the  Challenger  accident. 

With  your  concurrence,  Mr.  Chairman,  I  would  like  to  submit  my 
testimony  for  the  record  and  make  a  few  remarks  about  that  testi- 
mony. Then  I  will  respond  to  any  questions  you  might  have. 

Mr.  Roe.  Your  full  statement  will  appear  in  the  record. 

Without  objection,  so  ordered. 

Mr.  Sargent.  I  will  briefly  describe  the  shuttle  processing  con- 
tract team  which  prepares  the  shuttle  for  launch  at  both  Kennedy 
Space  Center  and,  in  the  future,  at  the  Vandenberg  launch  site. 

Lockheed  Space  Operations  Co.  is  the  prime  contractor  and  is  re- 
sponsible for  the  administration  of  the  contract  and  for  overall 
processing  oversight.  Grumman  is  responsible  for  the  operation  and 
maintenance  of  the  launch  processing  system. 

Morton  Thiokol  conducts  the  major  operations  involving  the  ex- 
ternal tank  and  the  assembly  and  retrieval  of  the  solid  rocket 
boosters.  Pan  American  brings  their  technology  to  the  functions  of 
operations  analysis.  These  four  companies  form  the  SPC. 

The  SPC  consolidated  some  23  existing  NASA  prime  contracts 
used  for  flight  hardware  processing,  ground  support  equipment  op- 
erations and  related  support  required  to  fulfill  the  space  shuttle 
launch  and  landing  responsibilities. 

Some  key  benefits  to  NASA  are: 

To  improve  safety  and  mission  effectiveness. 

Minimize  contractor  interfaces. 

Provide  accountability  for  prelaunch  activities;  and 

Improve  efficiency. 

SPC  acquired  in  the  transition  1,764  Rockwell  employees  against 
a  requirement  for  2,000;  251  Martin  Marietta  employees  against  a 
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requirement  for  290,  and  100  percent  of  all  other  contractor  person- 
nel required  to  fulfill  the  contract. 

In  addition,  we  have  major  subcontracts  with  Rocketdyne  for 
shuttle  main  engine  work  and  with  Rockwell  for  orbiter  tile  work. 

But  in  a  very  real  sense,  the  shuttle  processing  team  has  many 
additional  players.  Our  NASA  counterparts,  of  course,  provide 
their  expertise  and  knowledge  absolutely  vital  to  the  processing 
task. 

Another  crucial  part  of  the  team  is  the  development  contrac- 
tors— Rockwell  for  the  orbiter,  Martin  Marietta  for  the  external 
tank.  United  Space  Booster  for  SRB's,  Morton  Thiokol  for  the 
SRM's,  and  Rocketdyne  for  shuttle  main  engines. 

We  work  very  closely  with  these  development  contractors  and 
that  interface  is  most  productive.  These  development  contractors 
are  under  separate  contracts  with  NASA  and  as  such  provide  an 
important  check-and-balance  aspect  to  shuttle  processing. 

NASA  development  centers  issued  Launch  Support  Services  Con- 
tracts known  as  LSSC's  to  the  development  contractors  to  hold 
them  responsible  for  their  design  from  production  through  process- 
ing, launch,  orbital,  and  recovery  operations  to  ensure: 

First,  onsite  focal  point  for  flight  hardware  design  expertise  and 
vendor  interfaces  and  as  such  a  critical  check  and  balance  on  SPC 
processing. 

Second,  interface  with  design  organizations  for  total  definition 
and  approval  of  vehicle  changes; 

Third,  accounting  for  the  incorporation  of  the  design  configura- 
tion for  each  flight. 

The  LSSC's  processing  engineering  contingent  at  KSC  is  cur- 
rently 103  engineers  as  compared  to  SPC's  370  engineers — a  ratio 
of  1  to  3.7. 

We  also  have  a  very  strong  working  relationship  with  McDonnell 
Douglas  and  EG&G,  both  of  whom  are  here  today. 

The  SPC  team  considers  our  primary  mission  to  be  that  of  pro- 
viding safe,  reliable  and  efficient  processing  of  the  shuttle,  a 
unique  spacecraft.  This  is  both  a  demanding  and  a  challenging  as- 
signment and  we  think  we  have  done  well  so  far. 

We  believe  that  we  can  still  make  that  statement — even  after  the 
extensive  reviews  subsequent  to  the  51-L  accident.  We  are  utilizing 
the  findings  of  the  Rogers  Commission  as  well  as  other  related 
studies  of  the  Shuttle  Program  to  help  us  implement  broad  correc- 
tive actions  and  do  our  job  even  better. 

We  have  received  some  encouragement  that  we  have  become  an 
effective  team.  In  its  1985  report,  the  Aerospace  Safety  Advisory 
Panel  said  that  they  thought  that  SPC  had  laid  the  organizational 
groundwork,  obtained  the  right  kinds  of  personnel,  and  in  general, 
were  making  satisfactory  progress. 

The  panel  also  noted  that  our  safety  practices  and  monitoring 
systems  were  "praiseworthy."  We  were  especially  pleased  with  this 
finding  since  we  have  stressed  safety  and  quality  assurance  as  our 
highest  priority. 

We  are  also  very  gratified  that  the  Rogers  Commission  found 
that  our  launch  site  activities  were  in  general  accord  with  estab- 
lished procedures  and  were  not  considered  a  factor  in  the  accident. 


Generally,  we  think  we  are  on  the  right  track  and  do  not  plan 
fundamental  changes  in  our  approach.  However,  as  I  mentioned 
earlier,  we  are  aware  that  improvements  and  changes  are  still 
required. 

Some  of  the  steps  we  have  taken  are  to  further  reduce  our  safety 
incident  rate  and  to  continue  that  trend. 

We  were  working  too  much  overtime  in  some  specific  areas  and 
we  must  solve  that  problem  before  we  start  launching  again.  We 
had  implemented  some  changes  to  alleviate  the  problem,  but  they 
were  not  fully  effective. 

One  initiative  we  implemented  which  we  think  has  worked  very 
well  is  our  program  of  "stationizing."  In  this  mode,  work  crews 
remain  at  one  station  during  the  shuttle  processing  flow, 

I  believe  that  our  shuttle  processing  work  force  is  outstanding. 
They  are  highly  skilled,  experienced  and  dedicated  to  the  Shuttle 
Program.  Many  of  our  people  have  worked  on  the  Space  Program 
for  over  25  years.  We  consider  our  personnel  our  prime  asset  and 
we  place  heavy  emphasis  on  developing  this  resource. 

Mr.  Chairman,  you  had  expressed  an  interest  in  processing 
changes  made  to  respond  to  increased  launch  rates.  I  would  say 
that  we  have  not  implemented  any  changes  to  processing  oper- 
ations solely  to  meet  the  demands  of  the  increased  flight  schedule. 

We  have,  however,  made  several  evolutionary  changes  to  im- 
prove the  efficiency,  and  thus  have  helped  the  rate  of  overall  proc- 
essing flow.  Some  of  the  changes  implemented  have  been  auto- 
mated real  time  scheduling,  stationizing  the  process,  centralizing 
logistics,  and  others. 

Overall,  the  process  is  very  complicated  and  any  changes  in  a 
system  this  complex  must  be  approved  by  NASA  and  then  imple- 
mented very  carefully  to  avoid  the  introduction  of  new  undetected 
problems. 

I  anticipate  additional  improvements  including  reduction  of  pa- 
perwork and  an  evolution  toward  electronic  data  collection  and 
transcription,  addressing  an  area  of  concern  in  the  Rogers  report. 

I  hope  we  can  demonstrate  in  this  hearing  that  the  shuttle  proc- 
essing team  is  well  structured  to  perform  its  mission  and,  in  fact, 
has  been  doing  a  good  job.  We  have  welcomed  the  assistance  of 
oversight  agencies  such  as  the  Aerospace  Safety  Advisory  Panel, 
the  Defense  Contract  Administration  Service,  and  our  NASA  eval- 
uators.  We  have  been  gratified  that  they  have  said  some  very  posi- 
tive things  about  our  performance. 

At  this  time,  Mr.  Chairman,  I  would  like  to  introduce  some  of  my 
associates  who  are  here  today.  Mr.  Dave  Owen  is  my  executive  vice 
president  and  our  Kennedy  Space  Center  Launch  Site  Director.  In 
this  latter  role,  Mr.  Owen  has  direct  responsibility  for  the  day-to- 
day SPC  operations  at  the  space  center. 

Mr.  Carver  Kennedy,  a  Morton  Thiokol  vice  president,  has  been 
our  director  of  vehicle  assembly  building  and  recovery  operations. 
He  is  presently  assigned  to  the  SRM  redesign  team  at  Morton  Thio- 
kol. 

Mr.  Shep  Cronier  is  our  Pan  Am  project  director. 

Mr.  Charles  Floyd  is  our  SPC  systems  engineer;  Mr.  George  Pea- 
singer  is  our  business  management  director;  and  Mr.  Fred  Haise, 
president    of   the    Grumman    Technical    Service    Division,    heads 
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Grumman's  SPC  effort.  You  may  remember  Fred  as  a  former 
Apollo  astronaut  who  also  commanded  the  very  ^rst  shuttle  tlight. 
He  commanded  the  Enterprise  flights  at  Edwards  m  1977  and  made 
a  total  of  five  landings  in  all.  -^     .     ^     u     «f^^o^/    Mr 

Aeain  we  appreciate  the  opportunity  to  be  here  today,  Mr. 
Chairman,  and  my  colleagues  and  I  will  try  to  answer  any  ques- 
tions  you  may  have. 

Thank  you,  Mr.  Chairman. 

[The  prepared  statement  of  Mr.  Sargent  follows:] 
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statement  of 

Mr.  E.  Douglas  Sargent 
President,  Lockheed  Space  Operations  Company 

before  the 

Committee  on  Science  and  Technology 
House  of  Representatives 

Washington,  D.C. 

July  16,  1986 

I.  INTRODUCTION 

Mr,  Chairman  and  Members  of  the  Committee: 

I  am  Doug  Sargent,  President  of  Lockheed  Space  Operations  Company  and 
Shuttle  Processing  Contract  Program  Manager.  I  welcome  this  opportunity  to 
appear  before  you  to  discuss  Lockheed's  role  in  the  Space  Shuttle  launch  and 
landing  processing  at  NASA's  Kennedy  Space  Center  (KSC).  I  will  describe  our 
responsibilities  as  the  Shuttle  Processing  Contractor  (SPC)  and  our 
relationships  with  NASA  and  their  development  contractors.  My  remarks  will  be 
responsive  to  your  request  for  information  relevant  to  the  Challenger 
accident.  In  addition,  I  want  to  tell  you  about  some  adverse  occurrences  we 
have  experienced  and  what  we  are  doing  to  fix  those  problems.  I  also  want  to 
highlight  for  you  some  of  our  noteworthy  achievements. 

Finally,  I  want  to  tell  you  how  we  have  responded  to  the  findings  of  the 
Rogers'  Commission  Report.  Before  I  start  my  statement,  I  would  like  to 
introduce  the  SPC  Team  members  accompanying  me. 

II.  SHUTTLE  PROCESSING  CONTRACT  ORIENTATION 

1.   SPC  Team  Members 

Mr.  David  L.  Owen  is  Lockheed  Space  Operation  Company's  Deputy  Program 
Manager  and  also  our  KSC  Launch  Site  Director.  In  the  latter  role,  Mr.  Owen 
is  responsible  for  the  day-to-day  SPC  operations  at  Kennedy  Space  Center. 

Mr.  Carver  G.  Kennedy  is  a  Morton  Thiokol,  Inc.  Vice  President  and  our 
Vehicle  Assembly  Building  (VAB)  Operations  Director.  Mr.  Kennedy  is  the  Team 
member  responsible  for  the  processing  and  assembly  of  the  solid  rocket 
boosters  and  the  external  tank  as  well  as  the  retrieval  and  disassembly  of  the 
solid  rocket  boosters. 

Mr.  Fred  W.  Haise  is  President  of  Grumman  Technical  Services  Division, 
our  SPC  Team  member  responsible  for  the  operations  and  maintenance  of  the 
Launch  Processing  System. 
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Mr.  T.  S.  Cronier  is  Project  Director  for  our  Team  member  Pan  American 
World  Services.  They  are  responsible  for  providing  operations  technology  and 
maintenance  insight  into  Shuttle  processing. 

2.  Scope  of  Work 

The  SPC  scope  of  work  includes  all  ground  processing,  launch  and  landing 
support  of  the  Space  Shuttle  vehicles  at  the  Kennedy  Space  Center  and  at  the 
Vandenberg  Launch  and  Landing  Site  (VLS).  It  also  includes  support  to  the 
United  States  Air  Force  in  developing  and  operating  the  VLS. 

3.  Operating  Philosophy 

Our  operating  philosophy  and  practices  strictly  adhere  to  a  set  of 
clearly  stated  and  fully  understood  principles  provided  to  us  by  NASA.  Among 
the  most  critical  of  these  are: 

0    Safety  of  personnel  and  hardware  is  prime. 

0  The  SPC,  NASA  and  the  development  contractors  perform  in  an  integrated 
team  effort. 

0  Test  and  checkout  requirements  and  acceptance  criteria  are  established  by 
NASA  and  the  development  contractors. 

0  All  SPC  operations  are  conducted  in  accordance  with  detailed,  authorized 
test  procedures,  work  documents  and  associated  paperwork. 

0  SPC  engineering  personnel  generate  and  authorize  all  procedures  and 
documents  to  implement  NASA  requirements. 

0  All  critical  steps  in  the  test  and  checkout  process  and  all  processing 
paperwork  closure  must  be  verified  by  quality  control  inspectors. 

0    No  work  is  performed  without  authorizing  documents. 

0  All  SPC  personnel  who  perform  critical  tasks  are  trained  and  certified  to 
perform  those  tasks. 

0  All  ground  support  equipment  and  systems  utilized  in  the  test  and 
checkout  program  are  calibrated  and  certified  in  accordance  with 
appropriate  directives. 

We  believe  these  principles  to  be  vital  to  the  success  of  the  Shuttle 
processing  task  and  to  be  valid  and  applicable  regardless  of  the  launch  rate. 
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III.  SHUTTLE  PROCESSING 

Following  a  brief  description  of  the  Shuttle  processing  flow,  I  will 
address  selected  topics  that  have  received  attention  during  the  recent 
investigations  and  which  merit  elaboration  here. 

1.   The  Flow 

When  the  orbiter  returns  from  space,  SPC  crews  resume  responsibility  for 
the  orbiter  at  the  end  of  its  landing  roll  wherever  it  lands,  perform  safing 
operations  and  assist  with  the  exit  of  the  flight  crew.  At  Kennedy  Space 
Center,  the  orbiter  is  towed  directly  into  the  Orbiter  Processing  Facility 
(OPF).  At  Vandenberg  Launch  and  Landing  Site,  it  will  be  towed  to  a  similar 
facility  there. 

At  Kennedy  Space  Center,  post-flight  activities  are  accomplished  in  the 
Orbiter  Processing  Facility.  The  payload  bay  is  reconfigured,  repairs  and 
modifications  are  made  and  the  orbiter  is  prepared  for  its  next  mission.  It 
is  during  this  processing  phase  that  the  orbiter  and  all  its  subsystems 
receive  exhaustive  testing,  required  modifications  and  systems  reverification 
for  flight. 

From  the  Orbiter  Processing  Facility  at  Kennedy  Space  Center,  the 
spacecraft  is  towed  to  the  nearby  Vehicle  Assembly  Building  (VAB).  In  this 
building,  the  orbiter  is  mated  to  the  solid  rocket  boosters  (SRB)  and  the 
external  tank  (ET),  which  have  been  previously  mated  on  the  mobile  launch 
platform  (MLP). 

The  integrated  Shuttle  is  then  ready  for  transfer  to  the  launch  pad. 

On  the  launch  pad,  final  preparations  are  made  for  countdown  and  launch. 
During  final  preparation  and  countdown,  loading  of  propellants,  gases  and 
other  consumables  is  completed. 

Subsequent  to  launch,  the  spent  solid  rocket  booster  cases  are  recovered 
from  the  sea  and  returned  to  the  launch  site  for  disassembly  and 
refurbishment.  (Figures  1  and  2  have  been  included  to  graphically  depict  the 
above  general  discussion  and  assist  in  identifying  the  SPC  areas  of 
responsibility.) 

Throughout  the  flow,  the  SPC  Team  works  in  concert  with  NASA/KSC,  the 
NASA  Development  Centers  and  the  development  contractors'  representatives  to 
fortii  an  integrated  processing  team. 
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2.   Relationships  With  Development  Contractors 

As  part  of  the  SPC  concept,  NASA  has  entered  into  Launch  Support  Services 
Contracts  with  the  contractors  who  developed  the  flight  hardware  to  provide 
continuous  on-site  technical  support  services  to  the  SPC.  In  this  capacity 
they  are  in  the  decision-making  process  for  all  issues  involving  their 
hardware  and  have  complete  visibility  into  the  processing  activities. 

This  relationship  with  the  development  contractors  -  Rockwell 
International  for  the  orbiter;  Rocketdyne  for  the  Space  Shuttle  main  engines; 
Morton  Thiokol  for  the  solid  rocket  motors;  United  Space  Boosters,  Inc.  for 
the  solid  rocket  booster  hardware;  and  Martin  Marietta  for  the  external  tanks 
provides  critical  design/manufacturing  expertise  to  the  processing  of  the 
Space  Shuttle  vehicle  by  providing  technical  oversight  and  participating  in 
all  key  and  critical  steps  involved  with  their  hardware  during  processing. 
They  have  authority  to  stop  test  operations  at  any  time  during  processing 
involving  material  review,  waiver  or  configuration  change  actions.  Specific 
Launch  Support  Service  Contractor  responsibilities  include: 

0  System  Engineering  --  provides  on-site  focal  point  for  flight  hardware 
design  expertise  and  vendor  interfaces  and  functions  as  a  check  and 
balance  for  processing.  All  problems  of  non-blueprint  nature,  Material 
Review  Board  and  technical  issues  require  Launch  Support  Service  Con- 
tractor formal  approval  prior  to  performing  any  work  or  moving  flight 
hardware" 

0  Project  Engineering  --  provides  interface  with  design  organizations  for 
total  definition  and  approval  of  vehicle  changes. 

0    Configuration  Management  --  accounting  along  with  the  SPC  for  the 

incorporation  of  the  designed  configuration  for  each  flight,  as a 

mandatory  requirement. 

0  Logistics  --  provides  on-site  focal  point  for  design  agency  and  vendor 
logistics  support. 

These  close  working  relationships  are  illustrated  as  follows: 

Initial  operations  and  maintenance  requirements  are  developed  by  the  NASA 
design  agencies  and  presented  in  the  Operations  and  Maintenance  Requirements 
and  Specifications  Documents  (OMRSD).  These  OMRSDs  form  the  basis  for  the 
Operations  and  Maintenance  Instructions  generated  by  the  SPC  that  provide  the 
procedures  utilized  in  processing  flight  hardware  at  KSC  and  VLS.  These 
Operations  and  Maintenance  Instructions  are  reviewed  by  the  Launch  Services 
Support  Contractors,  who  are  local  employees  of  the  respective  flight  hardware 
development  contractors.  Launch  Services  Support  Contractor  personnel  are 
also  involved  in  disposition  of  day-to-day  test  problems,  coordination  with 
the  home  plant  for  vehicle  modifications,  and  meetings  such  as  Open  Item 
Reviews.  The  development  contractor  is  represented  at  all  formal  reviews. 

Verification  of  the  flight  vehicle  launch  configuration  is  the  joint 
responsibility  of  the  SPC  and  the  development  contractors.  The  vehicle 
configuration,  including  pre-launch  work  performed,  is  tracked  in  management 
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systems  created  and  operated  by  the  development  contractors,  such  as  the 
automated  "Configuration  Verification  Accounting  System"  or  CVAS. 

The  development  contractors  also  have  responsibility  for  flight  hardware 
sustaining  engineering,  including  the  determination  and  procurement  of  flight 
hardware  spares. 

The  working  relationships  between  the  SRC  and  the  Launch  Services  Support 
Contractors  are  defined  in  a  series  of  Memoranda  of  Understanding  signed  in 
February  1984  by  the  SPC,  the  particular  Launch  Services  Support  Contractor 
and  NASA  (KSC  and  development  center  representatives). 

3.  Challenges  of  Increasing  Flight  Rates 

As  flight  rates  increased,  we  responded  to  this  challenge  and  met  all  our 
responsibilities  in  a  timely  and  effective  manner.  We  utilized  available 
resources  and  established  or  enhanced  procedures  to  accomplish  all 
requirements.  We  did  not  make  fundamental  changes  in  our  processing  operating 
philosophy  as  launch  rates  increased.  Specifically,  we  did  not  eliminate 
required  testing,  inspections  or  processing  steps  as  we  responded  to  the 
challenge  of  increased  launch  rates.  Adjustments  we  did  make  were  those 
designed  to  increase  organizational  efficiency  without  jeopardizing  the 
operational  philosophy  as  is  further  discussed  in  Section  V. 

4.  Safety  and  Quality  Assurance 

Safety  and  Quality  Assurance  are  primary  considerations  in  all  SPC 
operations.  Two  key  elements  are  discussed  below. 

a.   Safety  Advisory  Board 

An  important  element  of  our  overall  safety  program  is  the  SPC  Safety 
Advisory  Board  which  is  made  up  of  nationally  recognized  experts.  Most  of  the 
Board  members  are  not  members  of  the  SPC  organization  and,  in  fact,  are  not 
located  at  Kennedy  Space  Center.  This  Board  has  overview  responsibilities  for 
our  safety  program  and  practices. 

The  SPC  Safety  Advisory  Board  reviews  safety  policy  and  proposed  safety 
standard  changes  as  well  as  major  changes  (e.g.,  test  deletions/additions)  to 
the  process  flow.  In  addition,  significant  incident  and/or  accident  findings 
are  studied.  Findings  are  reported  to  the  Lockheed  Space  Operations  Company 
(LSOC)  President  and  Program  Manager,  Shuttle  Processing  Contract. 

SPC  activities  at  both  the  Kennedy  Space  Center  and  at  Vandenberg  Launch 
and  Landing  Site  are  covered  during  these  reviews.  Issues  or  review  items 
that  exceed  the  charter  of  the  SPC  are  relayed  to  the  NASA  Aerospace  Safety 
Advisory  Panel  for  their  consideration. 

Members  of  the  SPC  Safety  Advisory  Board  are: 

Edgar  M.  Cortright      -    Former  President,  Lockheed  California 

Company  &  Director,  NASA  Langley  Research 
Center 
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Ray  B.  Davis 
John  H.  Enders 

Fred  W.  Haise 

Willis  M.  Hawkins 


Lt.  Gen.  Richard  Henry, 
USAF  Ret. 

Walt  Hurd 


Owen  G.  Morris 


F.  S.  Now! an 


William  C.  Rice 


Director,  SPC  Safety,  Reliability  and 
Quality  Assurance 

President,  Flight  Safety  Foundation, 
Former  Technical  Assistant  to  the  NASA 
Administrator  and  NASA  Research  Pilot 

President,  Grumman  Technical  Services 
Division  and  Former  NASA  Apollo  and  Space 
Shuttle  Astronaut 

Former  Senior  Vice  President,  Lockheed 
Corporation  and  Chairman,  NASA  Aerospace 
Safety  Advisory  Panel 

Former  Commander  Space  Division  and 
Vice  Commander  Space  Command,  USAF 

Former  Director  Product  Assurance, 
Lockheed  Corporation 

President,  Eagle  Engineering  and  Former 
Manager,  Systems  Integration,  Space  Shuttle 
Program  Office,  NASA  Johnson  Space  Center 

Former  Director  of  Maintenance, 
United  Airlines 

Former  USAF  Commander,  USAF  Systems  Command 
Laboratory  (including  Rocket  Propulsion 
Laboratory) 


Board  meetings  are  held  quarterly,  alternating  between  Kennedy  Space 
Center  and  Vandenberg  Launch  and  Landing  Site.  Nine  meetings  have  been  held 
since  January  1984.  In  addition,  a  number  of  special  studies  have  been 
conducted  outside  the  normal  meeting  forum  by  one  or  more  members  of  the 
Board. 

b.   Designated  Verifier  Program 

Flight  hardware  inspections  are  performed  by  SPC  Quality  Control  and  NASA 
Inspection  personnel  only.  The  Designated  Verifier  (DV)  program  is  limited  to 
non-critical  ground  support  equipment,  systems  and  facilities. 

The  Designated  Verifier  program  within  our  Quality  Assurance  organization 
has,  in  recent  months,  been  the  subject  of  much  interest.  The  Designated 
Verifier  program  is  a  long  established  element  of  the  NASA  KSC  Quality 
Assurance  program  which  has  proven  over  the  years  to  be  an  effective, 
efficient  means  to  accomplish  selected  quality  assurance  requirements  and 
objectives. 

Designated  Verifier  candidates  are  selected  from  the  most  experienced  and 
capable  technicians,  receive  formal  classroom  training  and  are  individually 
approved  by  the  Director  of  Reliability  and  Quality  Assurance.  There  are  650 
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personnel  certified  to  perform  as  Designated  Verifiers.  These  individuals  are 
authorized  to  perforin  quality  verification  on  non-critical  and  non-flight 
hardware. 

The  Designated  Verifiers  are  personnel  with  recognized  experience  and 
ability  to  perform  certain  inspections  and  verifications  as  defined  by  the 
NASA  approved  Quality  Planning  Requirements  Document  for  non-flight  hardware. 

Non-critical  operations  that  a  Designated  Verifier  can  verify  are 
individually  specified  by  Quality  Engineering  in  the  Work  Authorization 
Document,  based  on  guidelines  contained  in  the  NASA  approved  Quality  Planning 
Requirements  Document. 

The  Designated  Verifier  program  instills  an  added  sense  of  responsibility 
and  pride  of  workmanship  in  the  work  force  and  increases  quality  awareness  of 
the  technicians.  We  have  conservatively  extended  this  program  as  we  gained 
experience. 

We  are  working  with  NASA  to  resolve  the  question  raised  with  this  program 
by  the  Rogers'  Coiranission. 

5.   Award  Fee 

An  important  measure  of  SPC  performance  effectiveness  is  the  Government 
prepared  semi-annual  award  fee  evaluations. 

Both  the  Kennedy  Space  Center  and  the  Vandenberg  Launch  and  Landing  Site 
portions  of  the  contract  have  award  fee  provisions.  The  Kennedy  Space  Center 
portion  for  the  Remaining  Basic  contract  period  has  a  one  percent  of  target 
cost  for  an  award  fee  pool  and  the  Vandenberg  Launch  and  Landing  Site  portion 
has  a  ten  percent  of  target  cost  award  fee  pool .  The  Vandenberg  Launch  and 
Landing  Site  portion  of  the  contract  has  a  greater  amount  of  award  fee 
available  because  it  is  100  percent  award  fee,  while  the  major  fee  provisions 
of  the  Kennedy  Space  Center  portion  of  the  contract  is  an  incentive  fee 
feature,  with  the  incentive  fee  measuring  cost  performence  and  mission 
success. 

The  award  fee  provisions  are  divided  into  six  equal  periods  of  six  months 
each,  with  criteria  ore-established  for  each  period.  This  criteria  is  de- 
signed by  NASA  to  identify  those  areas  that  the  Government  wants  the 
contractor  to  emphasize,  or  points  out  areas  of  concern  that  require  manage- 
ment attention.  Safety  is  always  a  criterion.  The  subjective  evaluation 
which  the  contractor  receives  for  each  period  is  a  grade  on  performance  to  the 
established  criteria  and  what  corrective  action  was  taken  for  concerns  ex- 
pressed. 

Figure  3  is  a  summary  of  the  ratings  received  from  the  Government  for  the 
four  periods  since  contract  inception.  We  have  not  received  our  ratings  for 
the  fifth  period  ending  March  31,  1986. 
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ADJECTIVE 

NUMERICAL 

PERIOD 

10/1/83    -    3/31/84 

RATING 
EXCELLENT 

RATING 

90 

4/1/84    -    9/30/84 

GOOD 

78 

10/1/84    -    3/31/85 

GOOD 

78 

4/1/85   -    9/30/85 

EXCELLENT 

91 

FIGURE  3.   KSC  AWARD   FEE   DETERMINATIONS 


The  first  six  month  period  of  the  Kennedy  Space  Center  portion  of  the 
contract  was  called  "transition."  The  major  criteria  during  this  period  were: 

1.  Accomplish  transition  from  the  incumbent  contractors  in  a  safe  and 
efficient  manner, 

2.  Provide  support  to  processing. 

3.  Manage  the  contract  in  a  cost  effective  manner,  making  appropriate 
cost/performance  trades. 

4.  Minimize  incidents  involving  schedule,  equipment  damage,  employee 
safety  and  potential  hazards. 

Our  overall  evaluation  for  this  period  had  an  adjective  rating  of 
Excellent  and  a  numerical  rating  of  90. 

The  criteria  for  the  second  period  were: 

1 .  I mpleaent  LSOC  Financial  Sv.s.tem 

2.  System  Improvements 

3.  Information  Systems  Management  Plans 

4.  Security  Operations  Planning 

5.  Develop  a  Management  Team  Concept 

6.  Safety 

The  NASA  evaluation  for  this  period  had  an  adjective  rating  of  Good  and  a 
numerical  rating  of  78.  A  summary  of  the  evaluation  indicates  that  certain 
criteria  were  accomplished  in  an  excellent  manner  (such  as  Safety),  but 
adequate  progress  had  not  been  made  in  others.  Our  own  self  evaluation 
essentially  agreed  with  the  Government's  evaluation  and,  therefore,  we  did  not 
take  exception  to  the  rating  received,  but  re-dedicated  our  efforts  to  improve 
our  performance.       ' 
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The  criteria  for  the  third  award  period  were: 

1.  Implement  LSOC  Financial  System 

2.  Develop  a  Management  Team  Concept 

3.  System  Engineering  Improvements 

4.  Develop  Shuttle  Multi-Flow  Processing  Capability 

5.  Develop  and  Implement  Effective  OPF  Operations 

6.  Safety 

The  NASA  evaluation  for  this  period  was  an  adjective  rating  of  Good  and  a 
numerical  rating  of  76.  A  summary  of  this  evaluation  indicates  that  we  had 
met,  or  were  making  good  progress  towards  accomplishment  of  criteria  1  through 
4,  but  criteria  5  and  6  were  not  met  because  of  an  incident  in  the  Orbiter 
Processing  Facility  where  a  payload  bay  access  platform  (bucket)  fell  from  its 
stowed  position  and  struck  the  orbiter  and  injured  an  employee.  We  feel  this 
incident  resulted  in  at  least  one  lower  adjective  rating.  Again,  our  own 
self-evaluation  was  very  close  to  the  Government's  and  we  felt  that  a  lower 
rating,  due  to  the  incident,  was  appropriate.  Therefore,  again,  we  did  not 
take  exception  to  the  Government's  rating. 

The  criteria  for  the  fourth  award  fee  period  were: 

1.  Develop  a  Management  Team  Concept 

2.  Develop  Shuttle  Multi-Flow  Processing  Capability 

3.  Develop  and  Implement  Effective  OPF  Operations 

4.  Pad  B/MLP-3  Activation 

5.  Develop  a  Capital  Budget 

6.  Safety 

The  NASA  evaluation  for  this  period  was  an  adjective  rating  of  Excellent 
and  a  numerical  rating  of  91.  A  summary  of  the  evaluation  indicated  that  the 
management  team  had  made  considerable  progress  in  demonstrating  an  integrated 
approach  to  all  aspects  of  the  Shuttle  Processing  Contract. 

The  criteria  for  the  fifth  award  fee  period  is: 

1.  Operations  Planning  and  Resource  Management 

2.  Develop  a  Management  Team  Concept 

3.  Develop  Shuttle  Multi-Flow  Processing  Capability 

4.  Logistics 

5.  Pad  B/MLP-3/Centaur  Activation 

6.  Safety 

The  evaluation  for  this  period  has  not  been  received, 

IV.  ADVERSE  OCCURRENCES 

While  we  have  achieved  a  record  of  solid  performance  in  Shuttle 
processing,  certainly  everything  has  not  gone  as  we  would  have  wished.  We 
have  made  mistakes  and,  in  some  instances,  our  performance  has  not  measured  up 
to  expected  standards.  In  such  instances,  we  have  taken  immediate  remedial  or 
corrective  action  and  we  have  tried  to  capitalize  on  "lessons  learned"  in  each 
adverse  situation.  Some  examples  follow: 
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1.  Orbiter  Processing  Facility  Bridge/Bucket  Mishap 

On  March  8,  1985,  during  final  closeout  operations  of  the  Discovery  in 
the  Orbiter  Processing  Facility  at  the  Kennedy  Space  Center,  a  payload  bay 
access  platform  fell  from  the  stowed  position  and  came  to  rest  on  the  left 
forward  payload  bay  door.  Although  the  immediate  cause  of  the  mishap  was 
mechanical  failure  of  a  master  link,  our  investigation  pointed  out 
contributory  causes  that  demanded  and  received  our  immediate  attention. 
Paramount  among  these  were  the  maintenance  of  this  equipment,  the  manner  in 
which  tagout/lockout  procedures  were  implemented,  and  operator  training.  Our 
corrective  action  was: 

0    Develop  and  implement  new  procedures  for  the  operations  and 
maintenance  of  the  bridge  bucket  system. 

0    Develop  and  implement  a  new  and  more  positive  safety  hazard  tag 
system. 

0    Conduct  an  intensified  series  of  Safety  briefings  stressing  Safety 
awareness. 

0    Retrain  and  recertify  bridge  bucket  system  operators. 

0    Complete  design  review  resulting  in  major  redesign  to  upgrade  the 
safety  features  of  the  complete  system. 

2.  17-Inch  Liquid  Hydrogen  Disconnect  Valve  Slamming 

Another  occurrence  I  want  to  discuss  with  you  concerns  the  17-inch  liquid 
hydrogen  disconnect  valve.  On  January  25,  1986,  while  loading  hydrogen 
propel lant  for  the  launch  of  Challenger  (Mission  51-L),  the  17-inch  disconnect 
valve  was  opened  in  a  non-prescribed  manner.  In  fact  this  highly  sensitive 
valve  was  "slammed"  open  rather  than  slowly  moved.  Although  the  valve  was  not 
damaged,  the  potential  for  serious  damage  was  high.  Our  investigation  into 
this  mishap  identified  human  error  and  inadequate  software  lockouts  as  the 
cause.  The  actions  we  are  taking  to  preclude  this  happening  again  consist  of: 

0    Re-evaluating  Firing  Room  policies,  procedures  and  protocol. 

0    Software  changes  made  to  preclude  inadvertent  valve  opening. 

3.  Solid  Rocket  Motor  Segment  Lifing  Mishap 

The  final  mishap  that  I  will  discuss  concerns  damage  to  a  solid  rocket 
motor  during  removal  of  the  forward  shipping  ring.  This  damage  occurred  when 
a  load  cell  on  the  crane  being  used  for  ring  removal  indicated  an  erroneous 
low  reading  resulting  in  solid  rocket  motor  damage.  Our  investigation  of  this 
mishap  revealed  several  problems,  the  most  severe  being  the  failure  to  follow 
approved  procedures. 

We  took  the  following  corrective  actions: 

0    Operations  &  Maintenance  Instructions  were  upgraded. 
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0    Training  was  reviewed  and  improved. 

0   Activities  were  initiated  for  crane  modification. 

0    Crane  use  is  restricted  until  all  modifications  are  complete. 

This  damaged  segment  has  not  flown. 

4.   Overtime  Problem 

One  problemarea__which — has  not  tiagn  responded  to  in  our  corrective 
actions  is'excessive  overtime.  The  control  of  overtime  has  been  a  continuing 
challenge.  We  have  implemented  management  procedures  regulating  the  usage  of 
overtime,  and  have  installed  stringent  approval  requirements  (all  overtime 
requires  at  least  a  director's  approval).  To  date,  none  of  these  attempts 
have  been  completely  effective.  Compounding  this  issue,  particularly  in  the 
Orbiter  Processing  Facility,  is  the  degree  of  unscheduled,  out-of-station  work 
imposed  by  orbiter  modifications  and  "cannibilization"  caused  by  lack  of 
spares.  With  time,  these  factors  will  improve  to  significantly  alleviate 
overtime  requirements.  When  we  have  to  chose  between  impacting  the  manifest 
or  increasing  overtime,  we  have  usually  chosen  the  latter. 

Frankly,  we  still  don't  have  a  viable  solution  to  this  problem.  However, 
we  can  assure  you  that  we  are  working  this  problem  and  we  must  and  will  find 
an  acceptable  solution. 

In  brief,  we  acknowledge  that  we  have  had  problems.  In  fact,  we  would 
not  want  to  lead  you  to  believe  the  above  is  a  complete  list;  however  in  each 
instance,  we  have  taken  prompt  effective  corrective  action  and  we  learn  from 
each  adverse  occurrence. 

V.   SPC  ACHIEVEMENTS 

The  SPC  Team  has  achieved  a  great  deal  in  terms  of  fine  tuning  existing 
systems,  applying  sound  effective  management  techniques  in  accomplishment  of 
the  processing  task.  We  have  made  substantial  progress  in  the  very  critical 
and  demanding  task  of  preparing  a  vehicle  for  safe  reliable  launch,  flight  and 
landing.  We  present  in  this  section  representative  examples  of  these 
initiatives. 

1.   Transition 

The  first  major  challenge  successfully  met  by  the  SPC  was  to  maintain 
continuity  in  the  technical  work  force  while  implementing  a  new  management 
approach.  We  were  able  to  capture  over  90%  of  the  incumbent  work  force  we  had 
targeted  in  our  hiring  plans.  Successful  transition  of  the  incumbents  was  a 
key  criterion  for  the  first  award  fee  period  and  our  achievement  was 
recognized  by  a  Government  rating  of  "Excellent"  for  the  period.  In  fact, 
NASA  personnel  expressed  a  degree  of  surprise  at  the  high  capture  rate  and 
smoothness  of  transition.  We  were  able  to  hire  a  sufficient  number  of  the 
right  people  to  continue  to  perform  the  processing  tasks  and  accomplished  a 
primary  goal  of  a  nondisruptive  transition  into  the  SPC  era. 
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2.  Consolidation  of  Support  Functions 

The  consolidation  of  support  functions  into  single  organizations  is  a 
direct  product  of  the  SPC  concept.  This  results  in  improved  communications, 
increased  organizational  efficiencies  and  lower  costs  through  better  usage  of 
the  work  force  and  substantial  reduction  in  overhead  costs.  Functional 
organizations  that  were  consolidated  include  Logistics,  Safety,  Reliability, 
Quality  Assurance,  Finance,  Human  Resources,  and  Program  Controls. 

3.  Stationizing 

"Stationizing"  selected  segments  of  the  work  force  is  an  operational 
method  consistent  with  increased  flow  rates  and  does  not  represent  a 
fundamental  change  in  processing  procedure  or  philosophy.  Basically, 
stationizing  means  moving  from  a  flow  management  to  a  facility  management 
concept,  where  the  vehicle  moves  from  station  to  station  and  the  work  force 
remains  fixed  at  each  major  facility,  or  "stationized." 

As  a  result  of  stationizing  the  work  force,  personnel  became  better 
skilled  in  accomplishing  routine  as  well  as  non-routine  tasks,  and  processing 
time  was  reduced  as  personnel,  parts  and  paper  no  longer  moved  with  the 
vehicle,  but  were  pre-positioned  and  ready  to  support  scheduled  activities. 
As  a  result  of  more  experience  within  their  area  of  responsibility,  they 
become  more  familiar  with  what  was  a  "normal"  and  an  "abnormal"  situation 
encountered  during  the  processing  of  flight  hardware  and  can  react 
accordingly.  Stationizing  also  permits  us  to  collect  and  process  data  on  a 
common  base  for  trend  analysis. 

4.  Streamlining 

The  SPC  has  instituted  a  number  of  enhancements  which  streamline 
processing.  Among  such  actions  are: 

a.  In  the  Orbiter  Processing  Facility  we  stationized  Work  Authorization 
Documents,  improved  organization  communication,  placed  increased  reliance 
on  automated  scheduling,  increased  efficiency  of  logistics  support  and 
improved  ground  support  equipment  maintenance. 

b.  Our  Process  Planning  and  Control  organization  initiatives  included 
improvements  in  Work  Authorization  Document  processing,  computer  aided 
planning  and  control,  computer  aided  ground  support  equipment 
availability  and  automated  shop  schedules.  This  group  also  developed  the 
KSC/VLS  Commonality  Plan. 

c.  Our  Launch  Processing  System  Software  group  achieved  improvements  in 
time/cycle  tracking,  universal  Firing  Room  console  loads,  the  facility 
modification  tracking  system,  Launch  Pad  A/Launch  Pad  B  Compatibility 
Link,  and  flow  to  flow  vehicle/facility/ground  support  change  tracking. 
This  group  has  developed  significant  enhancements  in  simulated  power 
application/removal,  the  Kennedy  Avionics  Test  Set,  satellite  transfer  of 
flight  software  between  Johnson  Space  Center  and  Kennedy  Space  Center  and 
the  Electrical  Connector  Analysis  Network. 
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d.  A  number  of  additional  "streamlining"  initiatives  are  planned  in  the 
Orbiter  Processing  Facility,  the  Process  Planning  and  Control 
organization  and  in  Launch  Processing  System  software. 

5.  Personnel  Development  and  Training 

We  have  revised  and  improved  our  technical  training  and  certification  and 
our  management  development  programs  to  insure  career  opportunity  as  well  as 
the  availability  of  properly  certified  personnel.  Further,  we  have  improved 
our  ability  to  incorporate  training  record  data  for  use  by  Quality  Control  and 
other  SPC  management  groups.  All  personnel  were  honored  for  their  achieve- 
ments when  NASA/KSC  selected  Lockheed  Space  Operations  Company  for  its  "Large 
Contractor  of  the  Year"  Award  for  1985  for  its  support  to  small  business. 

6.  Work  Force  Morale 

We  have  an  experienced,  highly  skilled,  and  very  dedicated  work  force. 
We  have  employed  a  number  of  effective  programs  to  insure  that  work  force 
morale  remains  high  in  spite  of  launch  aborts,  high  overtime  rates,  and  more 
recently  program  uncertainty,  in  the  aftermath  of  the  51-L  tragedy.  We 
utilize  comprehensive  employee  communication  media,  suggestion  programs, 
supervisor  meetings,  human  development  programs  and  "family"  outings  to  insure 
that  our  people  are  informed  about  the  program  and  are  aware  that  management 
is  concerned  about  their  well-being.  We  think  these  efforts  have  a  positive 
effect.  Our  employees  are  highly  motivated  and  team-oriented  and  not  just  in 
terms  of  work  performance.  We  usually  have  excellent  turn-outs  for  such 
things  as  our  Savings  Bond  drives,  over  93%  of  our  people  invest  in  bonds, 
blood  donor  campaigns  and  the  United  Way.  They  are  involved  in  community 
programs.  We  are  very  much  a  people-oriented  company  and  generally  I  think 
our  people  realize  this.  We  work  hard  to  have  a  two-way  communication  with 
our  work  force  and  I  am  always  pleased  to  get  feedback  from  them.  Steve 
Godfrey  from  our  Process  Engineering  section  recently  sent  me  an  informal  note 
in  which  he  said  "I  have  been  pleasantly  surprised  with  the  fairness, 
professional  handling  of  difficult  situations  and  the  obvious  feeling  which 
Lockheed  top  management  such  as  yourself  has  for  the  work  force.  I  have  been 
in  the  business  for  a  long  time  and  have  seen  a  lot  of  contractors  come  and 
go,  but  I  am  most  impressed  with  the  Lockheed  people."  Feedback  like  this 
makes  us  think  we  are  on  the  right  track.  I  should  note  that  I  also  get  some 
reports  which  are  not  so  positive  and  I  respond  to  those  as  well. 

Finally,  all  out  efforts  were  made  to  insure  that  as  many  employees  as 
possible  could  take  time  off  during  major  holidays. 

7.  Accident  Prevention 

Although  we  have  experienced  some  mishaps  that  have  been  very 
disappointing  to  us  (previously  addressed  in  Section  IV),  we  are  not  deterred 
from  our  ultimate  objective  of  zero  incidents  and  mishaps  on  this  program. 

Recognizing  that  accident  prevention  is  the  best  way  to  protect  the 
program,  NASA  property  and  our  employees,  we  have  established  an  aggressive 
Safety  Awareness  program  which  includes: 
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°    Safety  orientation  (all  employees)  first  day,  thirty  days  later,  and 
every  six  months 

"  Safety  notices,  bulletins,  newspaper  articles 

°  Daily  work  briefings 

"  A  Safety  "Action  Line"  for  safety  calls 

°  Safety  checklists  -  areas  and  jobs 

"  Safety  committees 

°  Employee  Safety  Handbooks 

°  Personal  involvement  by  employees 

A  review  of  the  numbers  of  reportable  mishaps  related  to  launches  (see 
Figure  4)  indicates  that  we  are  improving  our  Safety  performance  on  the 
program.  NASA  has  concurred  with  this  position  and  has  presented  the  SPC  with 
the  NASA  "Award  of  Distinction"  for  "Outstanding  Achievement  in  the  Field  of 
Accident  Prevention,"  for  our  1984  record,  and  again  for  our  1985  record. 
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FIGURE  4.  REPORTABLE  MISHAP  TREND  DATA  FOR  KSC 

These  data  reflect  a  favorable  trend;  however,  any  mishap  or  incident  is 
unacceptable.  Our  efforts  to  reduce  these  occurrences  have  to  be  continuous. 
We  know  we  have  a  lot  of  work  ahead  of  us  in  order  to  be  successful.  We  are 
pressing  hard  in  our  effort  to  drive  our  rate  as  close  to  zero  as  possible. 
The  Incident/Error  Review  Board  is  a  significant  element  in  our  plan  for 
accomplishment. 


15 


90 


8.  Incident/Error  Review  Board  (lERB) 

This  organization  (Board)  was  established  to  insure  that  strong  positive 
action  was  implemented  in  response  to  unplanned  incidents.  It  is  chaired  by 
the  SPC  Director  of  Safety,  Reliability  and  Quality  Assurance,  and  is  composed 
of  the  first  line  Directors  involved  in  processing  and  support  operations. 
Every  incident  and  error,  including  "near  misses"  where  no  damage  or  injury 
occurs,  is  reviewed  in  detail  by  this  Board  in  session.  Investigations  are 
assigned.  Reports  are  studied.  Corrective  action  is  planned,  assigned  and 
implemented.  The  Board  tracks  progress  of  the  corrective  action,  and  when 
complete,  orders  a  "third  party"  evaluation  to  assure  the  elimination  of 
hazards  and  condition  correction  prior  to  formal  closure.  The  Board  meets  on 
a  weekly  basis.  The  results  of  this  Board  meeting  are  presented  weekly 
(including  any  new  incident),  to  the  SPC  senior  management  at  the  Program 
Integration  Board  meeting. 

9.  Achievement  Summary 

We  believe  the  foregoing  initiatives  demonstrate  a  pattern  of  innovative 
and  effective  management  actions  to  improve  the  Shuttle  processing  activities. 
Both  NASA  and  USAF  have  expressed  approval  and  confidence  in  our  SPC  approach. 
Further,  similar  expressions  of  confidence  have  been  forthcoming  from  a  number 
of  knowledgeable  independent  sources. 

The  Aerospace  Safety  Advisory  Panel  in  its  reports  for  1985  found  that, 

"The  Shuttle  Processing  Contractor,  while  not  yet  at  its  peak,  has 
laid  the  organizational  groundwork  and  obtained  the  right  sort  of 
people.  A  general  assessment  indicates  satisfactory  progress  is 
being  made.  Launch  rate  predictions  are  still  optimistic.  Arrange- 
ments for  transfer  of  functions  such  as  sustaining  engineering, 
logistics  management,  etc.,  from  JSC  to  KSC  seem  to  be  well 
organized  and  orderly,  if  somewhat  slow.  Overall  safety  practices 
and  monitoring  systems  --  especially  by  the  SPC  --  at  KSC  are 
praiseworthy  and  would  appear  to  do  everything  reasonable  to  ensure 
the  safety  of  operating  personnel." 

Additional  accolades  came  from  the  Defense  Contract  Administration 
Services  Region  following  their  review  of  the  SPC  procurement  system.  They 
formally  approved  our  system  and  noted  our  procurement  people  were 
knowledgeable,  enthusiastic  and  had  outstanding  documentation  to  support  their 
procurement  actions. 

We  are  appreciative  of  these  kinds  of  observations  and  are 
continually  working  to  improve  so  that  we  will  be  worthy  of  similar  comments 
in  the  future. 


VI.   PRESIDENTIAL  COMMISSION  REPORT  FINDINGS  RESPONSE 

Immediately  following  the  Mission  51-L  accident,  the  SPC  participated 
with  NASA  in  salvage  and  recovery  operations,  several  investigations  and 
continuing  studies  and  planning.  In  addition,  action  was  taken  to  examine  the 
processing  of  flight  hardware  at  Kennedy  Space  Center  and  particularly  the 
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paper  systems  which  controlled  and  monitored  Mission  51-L  processing. 
Although  our  internal  findings  corroborate  those  of  the  Rogers'  Commission, 
that  "Launch  site  activities  ...  were  not  considered  a  factor  in  the 
accident,"  we  also  agree  that  comprehensive  review  of  our  paper  system, 
increased  attention  to  training  and  discipline  regarding  the  use  of  those 
processing  systems  is  warranted  and  is  being  implemented. 

1.   Cocimission  Findings 

The  following  sections  address  those  Commission  findings  related  to  the 
processing  and  assembly  of  the  elements  of  Mission  51-L. 

a.  Missed  Requirements 

The  Mission  51-L  audit  review  of  the  Operations  and  Maintenance 

Requirements  and  Specifications  Document  compliance  revealed  six  areas  where 

such  requirements  were  not  met  and  not  formally  waived  or  excepted.  These 
were: 

°  A  formal  post-flight  inspection  of  the  forward  external  tank  attach 
plate  was  not  documented  (this  plate  was  removed  after  Mission  61-A 
and  a  new  plate  used  for  Mission  51-L). 

°  A  forward  avionics  bay  closeout  panel  not  verified  as  installed 
during  rollover/stacking  operations  (the  area  was  properly 
configured  prior  to  flight  with  installation  of  a  locker). 

°  Only  one  of  two  crew  hatch  micro-switches  showed  closed.  (Condition 
was  documented  by  a  Problem  Report  and  was  deferred.) 

°  Post-flight  hydraulic  reservoir  sample  not  taken  prior  to  connection 
of  ground  hydraulic  support  equipment  at  Dryden  Flight  Research 
Facility.  (It  was  performed  later  in  the  Orbiter  Processing 
Facility  at  Kennedy  Space  Center.) 

°  Auxiliary  power  unit  pressure  not  maintained  above  20  inches  of 
mercury  for  five  minutes  as  required.  (It  was  maintained  at  19.8 
inches  for  2  hours  because  equipment  could  not  hold  pressure  at  20 
inches  and  was  documented  as  acceptable  by  NASA.) 

°  Landing  gear  voids  not  replenished  and  crew  module  meter  not 
verified  during  final  vehicle  closeouts.  Landing  gear  voids  were 
replenished  during  launch  countdown. 

These  were  investigated  and  determined  to  be  caused  by  human  error.  The 
corrective  action  is  to  provide  additional  training  for  compliance  with 
Standard  Practice  Instructions  and  to  clarify  and  simplify  the  paper  system  to 
make  it  more  useful  to  the  worker. 

b.  Accidental  Damage  Reporting 

During  interviews,  the  Commission  identified  a  serious  problem  that 
indicated  technicians  were  fearful  of  losing  their  jobs  if  they  reported 
causing  unintentional  damage  to  the  Space  Shuttle  System. 
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Lockheed  has  always  subscribed  to  the  policy  of  forgiveness.  However, 
there  have  been  specific  circumstances  where  disciplinary  action  was 
appropriate  and  has  been  taken.  The  SPC  policy  is  to  insure  that  all 
employees  (including  supervision)  understand  that  failure  to  comply  with 
processing  instructions  or  good  safe  work  practices  is  unsatisfactory; 
however,  the  approach  is  one  that  encourages  an  errant  employee  to  voluntarily 
report  it  so  that  proper  steps  in  the  process  can  be  initiated.  On  April  30, 
1986,  a  survey  was  conducted  to  determine  the  employees  willingness  to  report 
a  mistake  that  caused  damage.  Eighty  supervisors  and  607  technicians  res- 
ponded to  this  survey  and  99  percent  of  the  supervisors  and  96  percent  of  the 
technicians  stated  they  would  report  without  fear  of  discipline.  The  SPC  has 
initiated  a  special  program  to  insure  that  all  employees  are  aware  of  the 
forgiveness  policy. 

c.   Involvement  of  Development  Contractors 


d.  OMRSD  Violations 

In  Appendix  C,  the  Commission  cited  nine  examples  of  Operations  and 
Maintenance  Requirements  and  Specifications  Document  (OMRSD)  violations. 
Changes  have  been  requested  in  the  OMRSD  for  three  of  these  because  they  were 
impossible  to  perform  due  to  access  problems.  Two  of  these  violations  were 
human  error  which  resulted  in  disciplinary  action  and  refresher  training.  The 
other  four  items  were  due  to  errors  in  the  Operations  and  Maintenance 
Instructions.  These  Operations  and  Maintenance  Instructions  are  being 
corrected. 

e.  Orbiter  Processing  Paper 

Also  in  Appendix  C,  the  Commission  commented  upon  representative 
samples  of  orbiter  processing  paper  deficiencies.  These  included  121 
Operations  and  Maintenance  Instructions,  479  Work  Authorization  Documents  and 
the  paperwork  associated  with  22  Modification  Change  Requests.  They  cited 
large  percentages  of  paper  errors  and  anomalies.  The  SPC  acknowledges  these 
deficiencies  in  the  paperwork,  agrees  that  the  rate  of  deficiencies  is 
unacceptable  and  is  working  to  fill  the  need  for  a  simplified  and 
"user-friendly"  system. 
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f.  structural  Inspections 

The  structural  inspection  program  for  the  orbiters  is  being  fully 
implemented  on  the  required  life  cycle  schedule.  The  three  orbiters  will  have 
complete  inspections  as  required  before  flight. 

g.  Designated  Verifiers 

The  policy  of  using  Designated  Verifiers  to  supplement  the  quality 
assurance  force  has  proven  successful.  This  subject  was  discussed  in  detail 
previously  in  this  document.  We  are  carefully  reviewing  the  Designated 
Verifier  program  with  NASA  to  insure  that  it  does  not  introduce  weaknesses 
into  the  Safety  and  Quality  Assurance  program. 

h.   Launch  Pad  39B 

During  the  launch  of  Mission  51-L,  Launch  Pad  39B  sustained  the  least 
amount  of  launch  damage  of  any  Shuttle  flight.  Three  areas  of  minor  damage 
occurred: 

0    Loss  of  springs/plungers  on  hold-down  posts 

0    Failure  of  gaseous  hydrogen  vent  arm  to  latch 

0    Loss  of  brick  from  flame  trench. 

Facility  fixes  for  these  three  items  are  scheduled  for  work  before  the 
next  use  of  Launch  Pad  39B. 

2.   Paperwork  Project 

The  Space  Transportation  System  paperwork  processing  system  was  cited  in 
the  Presidential  Commission  Report  as  cumbersome  and  labor  intensive.  We 
agree  and  have  a  goal  of  improving  the  work  control  system  and  evolving  the 
paperwork  to  a  more  simplified  and  user  friendly  tool.  A  paperwork 
improvement  project  was  formally  initiated  in  November  1984.  Tasks  have  been 
added  and  modified  ever  since  and  there  are  now  thirty-three  tasks  under  this 
project.  Ten  tasks  are  complete  and  three  are  on  hold,  the  remainder  are 
active  and  statused  at  a  weekly  Progress  Review.  All  tasks  are  scheduled  for 
completion  by  January  1987. 

In  addition,  a  number  of  changes  have  been  implemented  to  improve  the  way 
process  paper  is  managed  and  to  strengthen  Quality  Assurance  activities. 
Among  them  are:  Documentation  Review,  Documentation  Training  and 
OK-to-Process. 

a.   Documentation  Review 

A  Documentation  Review  system  is  in  place.  A  specialized  group  of 
inspection  personnel  was  selected  and  trained  to  audit  processing 
documentation  for  accuracy,  adequacy  and  completeness. 
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Following  work  completion  by  Operations  and  acceptance  by  SPC  Quality 
Control,  all  completed  documentation  is  reviewed  at  the  work  station  by  a 
member  of  the  Documentation  Review  group.  Each  page  or  sheet  is  stamped  to 
reflect  satisfactory  completion  of  the  documentation.  Any  problems  are 
referred  to  appropriate  supervision  for  correction  on-the-spot. 

Documentation  is  not  processed  out  of  the  work  station  until  it  has 
passed  this  review. 

b.  Documentation  Training 

To  assure  correctness  and  completeness  in  the  documentation  of  processing 
operations,  classroom  and  on-the-job  training  as  being  conducted  by  the  SPC 
Training  organization  and  Quality  Control. 

These  classes  emphasize  the  importance  of  all  documentation  and  the  require- 
ment for  documentation  with  zero  defects.  All  technicians,  inspectors, 
engineers,  planning  personnel  and  related  supervision  involved  in  the  process- 
ing activity  have  received,  or  are  scheduled  to  receive,  this  instruction, 

c.  "OK-To-Process" 

A  system  is  being  installed  in  the  processing  flow  to  provide  improved 
incremental  visibility,  management  and  control.  This  system  provides  for 
incremental  points  of  acceptance  by  SPC  Safety  and  Quality  Assurance  for 
continued  processing. 

At  specific  points  in  the  processing  flow.  Safety  and  Quality  Assurance 
verify  that  all  safety  requirements  have  been  satisfied  and  that  all  work  and 
technical  requirements  have  been  satisfactorily  completed.  Any  exceptions 
require  resolution  at  the  director  level  with  concurrence  by  the  Directors  of 
Safety  and  Quality  Assurance. 

Specific  checklists  and  job  instructions  are  being  prepared  for  each 
verification  point  in  the  process.  Verification  by  Safety  and  Quality  Control 
is  included  as  a  specific  entry  in  the  processing  documentation.  The 
requirement  for  these  verifications  will  be  included  as  specific  events  in  the 
KSC  Integrated  Control  Schedule. 

The  processing  flow  requirements  (pre-planned  work),  real  time  or  added 
requirements,  and  related  documentation,  will  be  organized  to  support  these 
incremental  reviews.  This  system  provides  for  incremental  acceptance  of  the 
flight  vehicle  and  clearance  of  the  documentation. 

The  final  verification  by  SPC  Safety  and  Quality  Control  is  an 
"OK-to-Launch,"  issued  immediately  prior  to  the  initiation  of  the  Launch 
Countdown. 

3.   Skill  Training  and  Certification 

While  the  above  efforts  are  focused  mainly  upon  our  paperwork  and  quality 
control  systems  we  also  are  actively  improving  the  whole  work  force's  skill 
level  with  a  comprehensive  training  program. 
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There  are  a  total  of  261  classroom  training  courses  being  given  to  SPC 
personnel.  Twenty-three  new  courses  have  been  developed  this  year.  They 
cover  systems,  skills,  safety,  and  paper  processing.  In  the  on-the-job- 
training  area,  we  have  planned  the  development  of  350  training  packages  with 
167  complete,  66  in  work,  and  the  rest  are  planned. 

A  Master  Training  Meeting  is  held  weekly,  chaired  by  the  Director  of 
Operations,  and  attended  by  all  operating  department  directors  and  NASA. 
Since  February  1986,  a  total  of  2,304  personnel  have  been  certified  or 
recertified  by  meeting  an  exacting  set  of  criteria.  On  the  average,  each  of 
these  certifiable  people  receives  four  different  certifications  to  be 
qualified  in  their  work  area.  More  than  12  classes  are  offered  each  day, 
covering  all  three  shifts.  All  personnel  are  scheduled  to  complete  required 
new  courses  by  the  end  of  1986. 

4.   Response  Summary 

We  are  in  total  agreement  with  the  theme  of  the  Rogers'  Conrmission  Report 
-  "Make  Future  Flights  Safer."  Our  full  resources  will  be  focused  upon  the 
achievement  of  this  essential  requirement.  Lockheed  and  the  SPC  Team  members 
have  completed  a  thorough  examination  of  the  Rogers'  Commission  Report.  We 
believe  we  understand  the  issues  behind  the  report's  recommendations  and  the 
corrective  actions  which  need  to  be  accomplished. 
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VII.  SUMMARY 

In  summary,  the  SPC  concept  is  well -conceived  and  functioning  as  intended 
as  an  integrated  element  of  the  Space  Transportation  System  team  effort,  an 
effort  which  involves  NASA,  U.  S.  Air  Force,  Development  Contractors,  Payload 
Contractors,  Base  Support  Contractors,  and  the  SPC. 

The  SPC  has  performed  less  than  perfectly  at  times,  and  we  have 
experienced  some  significant  mishaps.  However,  we  have  benefitted  from  the 
lessons  learned  in  each  case. 

We  maintain  an  exemplary  safety  record  particularly  in  view  of  the 
potential  hazardous  exposures  inherent  in  the  program. 

We  produce  a  high  quality  product  in  launch  and  support  processing  and 
have  met  all  mission  objectives  for  which  the  SPC  is  responsible. 

Our  quality  programs  continue  to  be  improved. 

We  have  incorporated  many  operational  enhancements  to  increase  efficiency 
and  effectiveness  and  to  support  increased  launch  rates.  Many  more 
enhancements  continue  to  evolve. 

The  SPC  is  responding  with  vigor  to  the  task  of  assisting  in  the 
investigations  and  corrective  actions  since  the  Mission  51-L  accident. 

In  this  regard,  we  are  gratified  that  no  SPC  actions  or  operations  were 
identified  as  contributing  to  the  cause  of  the  Mission  51-L  accident. 

We  acknowledge  the  Presidential  Commission  Report  items  attributable  to 
the  SPC  and  provide  our  assurance  that  all  are  being  addressed.  We  will 
benefit  from  the  lessons  learned. 

And  finally,  we  appreciate  the  opportunity  to  testify  before  this 
Committee  and  pledge  our  full  cooperation  in  attaining  your  objectives. 

Thank  you.  We  are  prepared  to  answer  questions  at  this  time. 
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Mr.  Roe.  I  want  to  thank  the  distinguished  gentleman  for  his 
presentation. 

Is  there  anybody  else  on  your  team  that  wants  to  comment  at 
this  point  or  shall  we  go  right  to  questions? 

Mr.  Sargent.  No,  sir. 

Mr.  Roe.  Welcome  again  to  the  hearing.  I  think  your  testimony 
has  summarized  pretty  well  what  you  have  submitted  in  your  de- 
tailed report.  There  were  a  number  of  interesting  items  in  the 
structural  relationship,  in  the  Chair's  judgment,  of  your  organiza- 
tional program  and  contractual  agreements  you  have  with  NASA 
we  felt. 

The  second  point  that  is  important,  the  basic  area  on  page  2  that 
spoke  to  operating  philosophy,  was  an  important  list  of  items  that 
you  spoke  to,  because  I  think  that  is  part  of  where  we  are  at  this 
stage  of  the  hearing. 

In  other  words,  we  are  getting  more  in  depth  into  the  manage- 
ment area  as  you  are  aware  and  that  will  be  the  direction  the  ques- 
tioning will  take  today. 

I  would  like  to  specifically  ask  the  first  question.  Yesterday  in 
our  testimony  with  the  hardware  contractors,  the  developers,  they 
were  unanimous  in  their  observations  that  they  felt  that  they  were 
not  effectively  used  as  an  integral  part  of  your  team  basically  is 
what  they  were  saying  and  I  note  that  in  your  full  testimony  and 
your  summary  that  you  say,  well,  there  is  very  great,  good  coordi- 
nation between  the  two. 

So  immediately,  and  I  don't  mean  my  opening  remarks  to  be  one 
of  determination  or  decisionmaking,  but  I  think  it  would  be  profita- 
ble for  you  to  express,  in  view  of  their  testimony  yesterday,  your 
observations  of  that.  They  seem  to  feel  that  they  have  lost  part  of 
the  communications  flow,  they  have  lost  part  of  the  control  in 
effect  of  their  own  proprietary  equipment  for — which  they  think  is 
affecting  its  efficient  use,  its  placement  into  the  assemblage  and  so 
forth.  They  felt  there  was  a  breakdown  there. 

Can  you  talk  to  that  a  bit? 

Mr.  Sargent.  Yes,  sir.  I  heard  some  of  that  testimony  yesterday. 
First,  I  was  a  little  confused  because  I  thought  Mr.  Murphy  was 
saying  that  the  system  worked  very  well  initially. 

Mr.  Roe.  We  were  a  little  confused,  too,  because  they  were 
saying  that  they  felt  the  cooperation  with  NASA  was  excellent, 
that  they  had  the  right  to  speak,  if  anything— if  they  were  con- 
cerned about  something  as  far  as  a  launch  would  be  concerned, 
they  felt  they  could  reach  the  top,  so  it  was  a  little  bit  ambiguous. 

Mr.  Sargent.  There  is  a  very  close  relationship  between  the  de- 
velopment contractors,  the  LSSC's,  one  of  those  for  every  four  of 
our  engineers.  There  are  participants  on  all  meetings  on  processing 
and  further  than  that  they  are  required  to  authorize  and  approve 
anything  that  is  off  the  regular  documented  trail,  in  other  words, 
anything  that  doesn't  fit.  They  are  in  the  middle  of  any  changes  to 
be  incorporated  and  there  are  certain  critical  points  they  review. 

During  the  processing  of  the  SRM,  there  is  a  LSS  engineer  as- 
signed to  that  and  I  remember  specifically  that  he  was  required  to 
agree  that  the  0-ring  was  installed  properly,  that  the  leak  plug 
was  installed  and  was  properly  torqued,  as  an  example,  and  he  is 
required  to  sign  off  and  indicate  that  that  operation  has  been  done 
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properly.  So  they  are  an  integral  part  of  our  operation  even  on  the 
routine.  Any  new  design  or  any  deviation  from  the  routine,  they 
are  even  more  heavily  involved. 

So  not  only  are  they  involved,  they  need  to  be.  We  depend  on 
them  very  heavily  to  help  us  do  our  job,  so  it  is  a  true  team  effort. 

Mr.  Roe.  Well,  apparently  we  have  a  definite  conflict  here.  Here 
we  have  three  of  the  major  corporations  who  testified  yesterday  as 
developers.  They  feel  that  there  is  a  breakdown  in  their  ability  to 
get  the  effective  feeling  that  their  equipment  is  being  properly  han- 
dled so  they  feel  they  can  speak  to  that  in  the  systems  approach 
that  you  are  talking  about. 

You  are  saying  we  don't  think  that  is  really  so  because  we  have 
their  engineers  and  there  are  different  checkpoints  along  the  line 
where  they  are  involved. 

I  also  note  on  page  2  that  you  speak  to  the  numbers  of  people 
that  you  inherited  under  that  contract  from  Rockwell  and  from 
Martin  Marietta  and  also  from  Rocketdyne.  So  when  you  say  inher- 
ited, what  happened.  They  came  on  your  payroll  then? 

I  am  trying  to  put  this  together.  Something  is  wrong  someplace. 
Where  is  it  wrong?  You  don't  agree.  They  don't  agree.  What  are 
the  facts? 

Mr.  Sargent.  When  the  SPC  was  formed 

Mr.  Roe.  Why  was  it  formed? 

Mr.  Sargent.  To  combine  23  primary  organizations  into  1  so 
there  would  be  complete  accountability  for  who  was  doing  the 
launch  processing. 

Mr.  Roe.  What  was  the  problem  before  that? 

Mr.  Sargent.  With  the  responsibility  broken  into  so  many  parts, 
23  primes  and  over  100  subcontractors,  it  would  be  difficult  to  tell 
who  was  responsible  for  what. 

Mr.  Roe.  Were  they  all  reporting  directly  to  NASA?  This  pletho- 
ra of  subcontractors  and  contractors  were  reporting  to  some  struc- 
ture in  NASA  at  the  time? 

Mr.  Sargent.  Maybe  Fred  Haise  can  help  me.  He  was  there. 

Mr.  Haise.  Yes,  sir. 

In  that  period,  NASA  was  really  acting  as  the  integrator  across 
all  that  contractor  forum  at  Kennedy  Space  Center. 

Mr.  Roe.  Let  me  try  again.  Where  I  am  coming  from,  I  am  trying 
to  build  into  the  record  why  we  are  spending  a  billion  dollars  on  a 
contract  to  coordinate  the  program  and  what  effectiveness  is  it? 
Should  it  be  considered?  Because  I  think  that  contract  is  coming  up 
for  consideration  in  October,  therefore,  there  was  a  reason  to  estab- 
lish a  coordinated  umbrella  approach. 

Before  NASA  decided  to  make  that  move,  as  you  are  both  point- 
ing out  there,  there  was  a  plethora  of  contractors  reporting  to 
NASA  per  se  who  in  effect  was  the  coordinator  of  all  the  subcon- 
tractors at  that  point. 

Is  that  reasonable  to  say? 

Mr.  Sargent.  Yes,  sir. 

[The  information  follows:] 
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WHY  DO  WE  HAVE  THE  SPC? 


Insert  following  line  362: 

Efficiency  of  SPC:   The  SPC  concept  is  highly  efficient  and  achieves  the 
following  important  Shuttle  program  goals: 

°  Establishes  SPC  contractor  accountability  for  ground  processing  of 
flight  hardware  and  consolidates  the  efforts  of  23  previous  contractors. 

°  Accomplishes  the  vast  amount  of  engineering,  technical,  and  "hands  on" 
work  effort  necessary  to  prepare  Shuttles  for  the  rigors  of  space, 
flight.  It's  one  billion  well  spent. 

°  Provides  for  high  visibility  of  SPC  team  activities  and  establishes  a 
critical  check  and  balance  between  the  hardware  suppliers  and  the  SPC 
team. 

°  Reduces  costs  by  eliminating  duplicate  administrative  effort  and  achiev- 
ing operational  efficiencies  by  standardizing  systems  and  procedures. 

°  Establishes  the  organizational  and  management  framework  necessary  to 
meet  future  launch  rates  required  by  the  U.S.  Government  space  program. 

°  Reduces  the  number  of  interfaces  between  contractors  and  between  the 
Government  and  its  contractors. 

°  Increases  contractor  flexibility  to  allocate  manpower  resources  to  meet 
operational  demands. 

°  Provides  a  stable,  responsive  and  uniform  framework  for  the  incorpora- 
tion of  program  and  processing  changes  expected  to  come  out  of  the 
current  reviews. 

°  Provides  the  most  experienced  Shuttle  processing  team  available.  Has 
processed  more  Shuttles  than  any  other  combination  of  contractors. 

°  Has  established  and  stabilized  the  engineering  and  technical  work  force 
by  eliminating  the  trauma  of  periodic  contract  changeovers  and  numerous 
contractors. 

°  Establishes  and  maintains  the  maximum  potential  conmonality  between  the 
Kennedy  and  Vandenberg  launch  sites. 

The  SPC  has  clear  accountability  to  NASA  and  provides  the  only  means  for 
the  Government  to  cost  effectively  implement  the  anticipated  changes  to  the 
Shuttle  processing  procedures  without  further  de-stabilizing  the  vital  work 
force  at  Kennedy  Space  Center.  Given  the  uncertain  future  and  direction  of 
the  Shuttle  program,  the  work  force  does  not  need  the  additional  trauma 
associated  with  a  reversion  to  the  multiple  contract  situation  which 
preceded  and  precipitated  the  creation  of  SPC.  We  anticipate  that  many  of 

1  ATTACHMENT  A 


100 


our  best  people  would  seek  less  volatile  opportunities  elsewhere  if  they 
lost  their  SPC  jobs  and  were  required  to  seek  employment  with  development 
contractors,  develop  new  working  relationships,  understand  another  com- 
pany's ways  of  doing  business  and  process  orbiters  for  launch.  The  SPC  is 
the  optimum  processing  concept  —  viable,  effective  and  cost  efficient. 

Impacts  if  the  SPC  concept  was  abandoned  would  include: 

°     Loss  of  the  system  of  checks  and  balances  between  the  processor  and 

developer. 
°  No  single  point  of  accountability  for  landing  to  launch  Shuttle 

processing 
°  Loss  of  commonality  of  operations,  administration,  and  management 

between  KSC  and  VLS  Shuttle  processing. 
°  Destabilize  the  engineering  and  technical  work  force  again. 
°  Increase  cost  and  proliferation  of  interfaces. 

Development  contractor  visibility  and  accountability:  All  development 
contractors  currently  have  vital  roles  Tn  tTie  Shuttle  program  which 
include  meaningful  visibility  into  processing  operations.  For  example, 
they  are  currently  under  Launch  Support  Services  Contracts  (LSSC)  with 
NASA  which  give  them  wide  visibility  into  processing  work  effort  and 
hold  them  accountable  for  their  design  and  production  of  flight  hardware 
through  processing,  launch,  orbit  and  recovery  operations. 

The  LSSCs  are  further  supported  by  joint  NASA/contractor  Memoranda  of 
Understanding  (MOUs),  developed  as  part  of  the  SPC  implementation  plan. 
The  MOUs  define  responsibilities,  interfaces  and  working  relationships 
between  the  SPC  and  the  LSSCs  and  are  signed  by  both  contractors  as  well  as 
the  NASA  development  and  launch  processjLM  centers.  They  specify  func- 
tional and  procedural "responsibi  lit! ef^nd  p^rovide  for  close  interaces  and 
lines  of  communication.  In  the  operating  environment  at  the  floor  level, 
both  the  formal  and  informal  disposition  and  feedback  on  problem  resolution 
are  working  well . 

The  MOUs  ensure  precise  definition  of  authority  and  accountability  and 
attain  the  optimum  system  of  checks  and  balances  inherent  in  the 
development  contractor/LSSC/SPC  structure. 

The  MOU  for  the  Rockwell  LSSC  covering  the  orbiter  and  orbiter  ground 
support  equipment  (GSE),  for  example,  specifies  that  Rockwell  will: 

°  Concur  in  the  disposition  of  engineering  changes.  Material  Review  Board 
actions,  unexplained  anomalies,  and  Operations  and  Maintenance  Require- 
ment Specification  waivers; 

°  Provide  design  change  coordination  and  expertise; 

°  Provide  assessment  of  safety  impact  of  SPC  proposed  operational  changes, 
and  review  mishap  reports,  proposed  corrective  actions  and  proposed 
safety  waivers; 

°  Support  all  critical  vehicle  tests  with  technical  personnel; 

°  Have  access  to  all  processing  data  and  reports  and  all  Problem  Reports 
and  failure  analyses; 

°  Review  pedigree  and  advise  on  acceptability  of  proposed  cannibaliza- 
tions;  and, 
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°  Coordinate  with  SPC  and  resolve  differences  surfaced  during  Flight 
Readiness  Reviews. 

A  Flight  Readiness  Review  (FRR)  is  a  serial  process  of  assessing  the 
readiness  of  the  flight  hardware  prior  to  committing  to  launch.  All 
contractors  and  appropriate  NASA  centers  participate  in  FRRs. 

The  final  formal  review  occurs  about  ten  days  prior  to  launch.  This  review 
is  chaired  by  the  KSC  Center  Director  and  attended  by  other  NASA  organi- 
zational directors,  development  center  representatives,  development  con- 
tractor representatives  and  the  Shuttle  processing  contractor.  The  final 
agenda  is  a  poll  of  all  representatives  to  provide  them  the  opportunity  to 
voice  any  concerns,  disagreements  and/or  give  their  approval  to  proceed 
with  the  schedule  and  launch  as  planned. 

Should  there  be  any  concerns,  these  are  assigned  to  the  proper  people  for 
resolutions  before  proceeding  beyond  an  agreed  to  point  in  the  processing/ 
launch  cycle. 

The  extensive  involvement  of  the  development  contractors  was  very  well 
described  by  their  representatives  in  testimony  before  this  Committee  on 
July  15,  1986.  For  example,  testimony  showed  that  one  development  LSSC 
team  uses  their  highly  qualified  and  experienced  managers  to: 

°  Become  aware  of  anomalies  beginning  with  manufacturing,  and  monitor  and 
track  anomalies  which  occur  after  the  transfer  of  hardware  to  the  SPC 
Team. 

°  Maintain  invol"ement  in  all  phases  of  assembly  and  test  by  the  SPC  team 
including  countdown,  launch  operations,  recovery  and  disassembly. 

°  Conduct  postflight  inspection  and  continuing  assessment  of  flight 
hardware  condition. 

°  Maintain  a  Problem  Report  System  to  identify  and  track  all  anomalies  and 
develop  trend  data  to  assure  corrective  action. 

°  Report  all  functional  failures  and  anomalies  to  the  Flight  Readiness 
Review  Board. 

Other  testimony  establishes  that  the  development  contractors  have  a: 

°  Strong  voice  in  a  launch  decision  which,  if  necessary,  can  stop  a 

launch. 
°  Requirement  to  stand  up  and  unequivocally  coimiit  their  hardware  to  a  go 

or  no-go  decision. 
°  Significant  presence  in  the  Firing  Rooms. 
°  Great  amount  of  real  time  visibility  into  the  problems. 

The  SPC  has  the  highest  regard  for  the  particular  knowledge  and  skills  of 
development  contractor  employees.  We  work  closely  with  them  and  we  believe 
there  is  an  excellent  working  relationship  between  the  SPC  team  and  the 
manufacturers  of  the  flight  hardware.  Given  the  national  significance  of 
the  task  before  us,  we  hope  this  relationship  will  continue  and  even 
improve. 
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Mr.  Roe.  Therefore,  somebody  made  a  command  decision  that  in 
order  to  get  a  smoother  flow,  I  assume,  of  information,  interchange 
of  information,  somebody  had  to  coordinate  this  monster  from  a 
business  management  point  of  view.  Is  that  reasonable  to  say — an 
engineering  point  of  view? 

Mr.  Sargent.  I  would  say  it  is  broader  than  that.  The  SPC  as- 
sumed the  functions  and  the  people  to  the  actual  task  being  per- 
formed, and  the  coordination  feature  was  part  of  the  SPC  forma- 
tion. It  eliminated — for  instance,  early  on,  each  prime  contractor 
had  their  own  spares  and  their  own  logistics.  This  allowed  us  to 
combine  that  into  one  stockroom  where  1  storekeeper  could  handle 
the  spare  parts  for  all  23  contractors. 

So  it  is  much  broader  than  just  the  coordination  function.  The 
coordination  function  falls  out  of  it  as  a  result  of  having  one  orga- 
nization doing  the  whole  thing. 

Mr.  Roe.  So  what  we  are  saying  is  that  to  improve  the  efficiency 
and  the  operation  and  logistic  flow  of  the  materials  and  so  forth, 
the  SPC  contract  was  decided  to  coordinate  that  all  in  one  group;  is 
that  correct? 

Mr.  Sargent.  To  perform  it  all  under  one  company;  yes,  sir. 

Mr.  Roe.  Therefore,  it  is  under  one  contract  so  you  are  responsi- 
ble to  do  that  under  the  basic  contract;  right? 

Mr.  Sargent.  Yes. 

Mr.  Roe.  The  next  point  that  comes  out,  and  I  agree  that  in  the 
response  in  the  Rogers  report  they  had  nothing  deleterious  to  say 
about  that  operation;  in  fact,  they  said  it  worked,  but  I  am  con- 
cerned as  we  are  getting  into  the  management  of  this  whole  organi- 
zation, going  into  reorganization  by  Dr.  Fletcher,  should  we  contin- 
ue with  the  SPC  contract?  It  is  a  billion-dollar  contract. 

Tell  me  why  we  should  continue  that  when  we  have  a  difference 
of  opinion  that  has  arisen  where  the  proprietary  contractors  of  the 
hardware  do  not  feel  they  are  an  integral  part  of  the  system. 

Mr.  Sargent.  There  are  two  parts  to  the  question.  By  combining 
the  billion-dollar  contract,  it  was  a  good  deal  less  than  it  would 
have  been  with  individuals.  I  think  if  you  were  to  revert  back  to 
the  other  one,  the  cost  would  be  greater.  The  other  is  I  strongly 
believe  that  accountability  is  a  big  part  of  the  game  and  clearly 
with  one  contractor  responsible  for  the  prelaunch  preparing,  check- 
ing out  and  processing  of  the  flight  hardware,  in  my  mind  there  is 
no  question  about  the  responsibility  for  that  function. 

I  believe  there  was  none  before. 

Mr.  Roe.  The  interesting  point,  and  I  will  stop  at  this  point,  is 
that  the  contractors  that  were  speaking  yesterday,  the  different  ex- 
ecutives, also  talked  about  accountability  and  they  felt  that  there 
was  a  glitch  someplace  in  their  judgment  on  accountability  be- 
tween the  responsibility  of  the  SPC  group,  the  team  as  it  related  to 
the  effectiveness  of  their  being  able  to  guarantee  and  feel  totally 
safe  with  the  proprietary  equipment. 

That  is  generally  what  they  said. 

Mr.  Sargent.  Yes,  sir.  May  I  respond  to  that? 

Mr.  Roe.  Yes. 

Mr.  Sargent.  I  believe  the  key  to  that,  the  accountability  by  the 
development   contractors   and   that   is   certainly   essential,   is   the 
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LSSC  team.  There  are  engineers  on  site  at  Kennedy  participating 
in  the  processing  of  the  flight  hardware. 

Mr.  Roe.  I  thank  the  gentleman. 

The  Chair  defers  to  the  distinguished  minority  leader  from  New 
Mexico,  Mr.  Lujan. 

Mr.  Lujan.  Thank  you,  Mr.  Chairman. 

Following  up  on  that,  the  processing  contract,  does  it  include  like 
the  retrieval  of  the  solid  rocket  booster  when  it  falls  into  the  ocean 
and  inspecting  and  repairing  it? 

Mr.  Sargent.  Yes,  sir.  Morton  Thiokol  is  responsible  for  the  re- 
trieval itself.  Maybe  Morton  Thiokol  would  like  to  comment. 

Mr.  Lujan.  Under  subcontract  to  Lockheed  or  under  their  own 
contract? 

Mr.  Sargent.  No.  Under  subcontract  to  the  SPC,  under  subcon- 
tract to  Lockheed,  the  literal  retrieval.  There  are  additional  steps 
after  retrieval,  after  the  solid  rocket  booster  is  returned  to  port 
where  it  is  turned  over  to  another  contract  and  another  responsi- 
bility. 

We  are  only  responsible  for  literally  the  ships  that  go  out  and 
retrieve  the  SRB  casing. 

Mr.  Lujan.  Once  it  is  retrieved,  who  inspects  it  then? 

Mr.  Kennedy.  The  SPC  contract  and  the  subcontract  to  Morton 
Thiokol  is  responsible  for  retrieval  of  the  SRB's  and  bringing  them 
to  dry  land.  There  is  an  engineering  inspection  team  from  the  de- 
velopment contract  side  of  Morton  Thiokol,  which  is  separate  from 
my  responsibilities,  that  comes  from  the  home  plant.  They  do  the 
inspection.  I  think  you  are  alluding  to  the  0-rings. 

Mr.  Lujan.  Using  that  as  an  example  of  all  the  things,  how  it  is 
done. 

Mr.  Kennedy.  The  engineering  team  from  the  development  con- 
tractor organization  does  that  inspection  and  writes  the  final  re- 
ports on  the  performance,  et  cetera.  That  is  not  only  true  for 
Morton  Thiokol.  There  is  a  similar  team  from  the  United  Space 
Booster  Organization  which  inspects  their  hardware,  which  is  also 
retrieved  as  part  of  the  SRB,  the  skirts,  the  hydazine  power  sup- 
plies, which  are  their  responsibility. 

They  have  a  development  contractor  team  that  comes  in  and  in- 
spects their  parts  also. 

Mr.  Lujan.  The  same  holds  true  for  the  engines?  Lockheed 
doesn't  do  the  inspection;  you  have  a  subcontractor? 

Mr.  Sargent.  We  have  a  subcontractor,  Rocketdyne. 

Mr.  Lujan.  With  the  developer  to  check  him  out? 

Mr.  Sargent.  We  have  a  subcontract  with  Rocketdyne  who  is  the 
development  contractor,  but  they  also  subcontract  to  us  for  all 
shuttle  main  engine  work. 

Mr.  Lujan.  They  have  a  subcontract  to  you — what  I  am  getting 
at  is  I  understood  yesterday,  and  I  think  that  is  where  the  chair- 
man was  moving,  that  the  development  contractors  felt  that  the 
thing  was  getting  away  from  them,  like  maybe  Morton  Thiokol, 
they  weren't  here  yesterday,  but  if  we  are  going  to  use  the  solid 
rocket  booster  as  an  example,  that  it  was  not  totally  in  their  con- 
trol and  that  they  were  expected  to  certify  that  it  was  working — let 
me  not  use  Morton  Thiokol  because  they  weren't  here,  but  Rocket- 
dyne, for  example,  Rockwell  was  here — that  they  are  expected  to 
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certify  that  that  engine  and  all  of  the  different  parts  are  in  tiptop 
condition  and  ready  to  go. 

They  don't  really  have  full  control  of  it.  Is  that  correct?  That  is 
what  I  gathered  yesterday  from  the  developers  that  they  used  to 
under  the  old  way,  but  under  this  way  they  don't. 

Mr.  Sargent.  I  understand  and  it  is  a  fairly  confusing  scenario, 
but  Rocketdyne  has  two  roles. 

They  were  the  development  contractor  for  the  shuttle  main  en- 
gines. They  also  have  a  separate  contract  to  us  on  the  shuttle  proc- 
essing contract  to  do  the  processing  work  for  the  shuttle  main  en- 
gines. It  is  two  separate  efforts  though  similar  to  what  Mr.  Kenne- 
dy described. 

Mr.  LujAN.  I  understand  that  and  under  the  processing  part  of 
it,  under  the  processing  contract  portion,  is  the  concern  here.  Do 
they  have  physical  control  and  all  authority  all  the  way  from  the 
day  that  that  shuttle  lands  out  at  Edwards  until  it  gets  back  on  the 
pad?  Do  they  have  the  control  of  it  so  that  they  can  or  are  able  to 
certify  that  it  is  flyable? 

Mr.  Sargent.  They  have  the  complete  control  as  far  as  the  shut- 
tle main  engines,  including  the  refurbishment  and  checking  out 
and  verification  for  reflight. 

Mr.  LujAN.  So  it  is  really  no  different  than  it  was  before  as  far 
as  their  concern,  having  had  a  separate  contract?  They  now  don't 
have  a  separate  contract  with  NASA,  but  they  have  the  subcon- 
tract from  Lockheed  and  they  do  exactly  the  same  as  they  did 
before? 

Mr.  Sargent.  Sir,  I  would  classify  it  that  way.  Essentially  they 
have  the  same  responsibilities.  In  addition,  they  have,  I  believe, 
five  or  six  of  their  LSS  engineers  which  are  on  the  old  contract 
that  also  oversee  it. 

Mr.  LujAN.  It  strikes  me  as  kind  of  funny  then  that  it  would  be 
less  expensive  and  that  is  not  the  big  point,  but  that  everybody  is 
doing  the  same  thing  they  were  doing  and  now  they  have  an  um- 
brella over  it  and  now  it  is  less. 

It  sounds  like  we  lose  money  on  it,  but  make  it  up  in  volume. 

Mr.  Sargent.  It  is  a  combination  of  having  separate  areas  and 
warehouses  and  being  able  to  combine  it  and  realize  efficiencies 
from  that  mainly,  sir. 

Mr.  LujAN.  Thank  you. 

Mr.  Roe.  The  Chair  recognizes  the  gentleman  from  Missouri,  Mr. 
Volkmer. 

Mr.  Volkmer.  Thank  you,  Mr.  Chairman. 

I  would  like  to  get  into  the  question  that  we  read  quite  a  bit 
about  in  the  Rogers  Commission  report  with  regard  to  overtime 
and  its  possible  effect  on  safety. 

If  I  remember  right,  you  had  quite  a  bit  of  overtime  back  in  Jan- 
uary; is  that  correct? 

Mr.  Sargent.  Yes,  sir.  Some  of  the  areas  were  running  quite 
high  overtime,  yes,  sir. 

Mr.  Volkmer.  And  what  have  you  all  done  since  then  in  making 
studies  or  whatever  to  alleviate  this  problem  in  the  future? 

Mr.  Sargent.  Well,  we  have — I  wouldn't  want  to  tell  you,  sir, 
that  we  have  completely  solved  it.  We  have  worked  the  problem. 
We  have  tried  some  things  before  that.  We  went  on  what  we  called 
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odd  work  weeks  where  different  people  had  different  days  off  to 
spread  the  load.  We  escalated  the  level  of  approval  required  for 
working  excessive  overtime. 

Mr.  Owen  had  to  personally  approve  anyone  that  worked  7  days 
and,  of  course,  the  situation  presently,  we  are  not  working  high 
overtime  because  we  are  not  flying.  I  wouldn't  want  to  tell  you  we 
have  completely  solved  it,  but  we  do  have  some  ideas  in  mind. 

One  of  the  problems  that  bothers  us  and  drives  us  to  overtime  is 
either  unplanned  work  or  another  form  of  unplanned  work  which 
is  a  hold  or  abort  on  the  pad  where  we  have  critical  skills  that  are 
required  to  perform  functions. 

Mr.  VoLKMER.  In  reading  your  full  statement,  I  find  in  here  that 
cannibalization  was  a  causation  of  a  lot  of  overtime? 

Mr.  Sargent.  Yes,  sir,  cannibalization  also  contributed  because  it 
contributed  to  the  overall  workload. 

Mr.  VoLKMER.  What  about  moving,  61-C  being  delayed  and  run- 
ning it  into  January  and  knowing  that  you  were  going  to  have  to 
go  with  51-L  right  away?  What  about  that? 

Mr.  Sargent.  Yes,  sir,  that  contributed  to  overtime.  Any  un- 
planned work  or  events  in  that  category  would  drive  up  overtime. 

Mr.  VoLKMER.  Was  this  amount  of  overtime  that  occurred  in 
January  reported  to  NASA,  either  on  site  or  at  headquarters? 

Mr.  Sargent.  Yes,  on  site  they  were  aware  of  the  overtime  we 
were  working.  Yes,  sir. 

Mr.  VoLKMER.  Were  they  aware  of  the  problems  it  was  causing? 

Mr.  Sargent.  I  think  they  were  generally  aware  of  the  difficulty 
we  were  having;  Yes,  sir. 

Mr.  VoLKMER.  Now,  how  is  the  overtime  figured  into  the  contract 
with  NASA?  The  processing  contract.  Is  that  a  cost-plus  or  is  that 
your  cost  or  what? 

Mr.  Sargent.  That  is  a  sharing — we  are  on  a  cost-incentive  pro- 
gram. 

Mr.  VoLKMER.  I  know  you  are. 

Mr.  Sargent.  The  overtime  we  assumed  for  the  original  contract 
I  believe  to  be  at  5  percent — the  5-percent  level. 

Mr.  Volkmer.  Overtime  at  5  percent? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Volkmer.  That  is  an  allowance? 

Mr.  Sargent.  That  is  what  we  based  the  contract  on;  Yes,  sir. 

Mr.  Volkmer.  But  overrunning  up  to  25  percent  in  January? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Volkmer.  Mr.  Chairman,  I  have  some  serious  problems  be- 
cause we  are  getting  into  possibly  in  the  spring  of  1988  hopefully 
we  are  going  to  see  the  shuttle  fly  again  and  we  know  at  that  time 
we  are  probably  only  going  to  have  three  and  so  the  problem 
shouldn't  arise. 

If  this  problem — do  you  agree  with  that,  that  the  problem  should 
not  arise? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Volkmer.  With  only  three  shuttles? 

Mr.  Sargent.  Well,  we  need  to  resolve  the  overtime  problem 
before  we  fly  again. 

Mr.  Volkmer.  What  are  you  actually  doing  then  to  alleviate  this 
overtime  problem  to  identify  how  you  can  correct  it  and  come  in 
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here  and  say,  "Now  we  have  got  the  solution.  We  are  not  going  to 
have  it  in  the  future?" 

Mr.  Sargent.  Let  me  ask  Mr.  Owen  to  answer  that.  He  has  been 
working  on  this  problem  for  us. 

Mr.  Owen.  We  have  recognized  and  realized  in  our  future  plan- 
ning that  the  space  center  is  going  to  have  to  operate  7  days  a 
week,  three  shifts  a  day.  We  have  formulated  our  plans  and  are 
currently  giving  NASA  our  plans  as  to  how  to  man  the  space 
center  at  that  level  and  I  am  going  to  use  the  odd  work  shift  ap- 
proach, odd  work  week  approach  to  this  to  eliminate  the  overtime. 
That  is  our  plan. 

Mr.  Roe.  Would  the  gentleman  yield? 

Could  you  give  us  for  the  record — we  are  talking  about  different 
percentages  and  I  understand  fairly  well  the  substance  of  your  con- 
tractual arrangements.  What  in  dollars  was  the  overtime?  For  ex- 
ample, can  you  give  us  some  idea  as  to  figures? 

Mr.  Owen.  I  went  back  and  calculated  it  and  the  overtime  for 
the  51-L,  61-C  and  I  think  I  looked  at  45  on  STS  33.  It  runs  about 
a  million  dollars  each  launch. 

Mr.  Roe.  About  $1  million  each  launch. 

The  gentleman  from  Missouri. 

Mr.  VoLKMER.  I  would  like  to  carry  on  with  another  question 
with  regard  to  this.  Since  you  are  on  the  incentive  fee  and  award 
basis  contract,  does  the  overtime,  the  amount  of  overtime  over  and 
above  the  5-percent  impact  adversely  on  that  determination  as  to 
the  amount  of  the  incentive  fee? 

Mr.  Sargent.  Yes,  sir.  It  does. 

Mr.  Owen.  Yes,  sir. 

Mr.  VoLKMER.  So  you  would  like  to  stay  away  from  the  overtime 
as  much  as  possible. 

Mr.  Sargent.  Absolutely. 

Mr.  VoLKMER.  Your  answer  to  me  was  that  you  are  going  to  be 
able  to  use  different  types  of  hours  and  shifts,  et  cetera,  to  get 
away  from  this  overtime. 

Does  this  mean  also  additional  employees? 

Mr.  Owen.  Yes,  sir.  We  figure  roughly  in  the  critical  processing 
areas  about  an  increase  of  20  percent  in  employees  in  our  engineer- 
ing organizations  and  technician  organizations. 

Mr.  VoLKMER.  With  that  you  are  coming  up  for  a  renewal  in  Sep- 
tember on  the  contract;  is  that  corrrect? 

Mr.  Owen.  Yes,  sir. 

Mr.  VoLKMER.  Does  that  mean  that  you  are  going  to  be  proposing 
to  NASA  an  increase  in  that  contract  because  of  that  20  percent 
increase? 

Mr.  Owen.  Yes,  sir. 

Mr.  VoLKMER.  How  much  are  we  talking  about  as  far  as  the  in- 
creased proposal,  or  is  that  proprietary? 

Mr.  Owen.  No,  sir.  It  is  not  proprietary  at  the  time.  I  don't  have 
the  figure  because  we  are  just  in  the  formulation  of  what  those 
costs  are  going  to  be,  but  it  should  almost  balance  off  what  we  have 
been  spending  in  overtime. 

Mr.  Volkmer.  You  will  agree  with  the  Rogers  Commission's  find- 
ings, et  cetera,  that  overtime  does  impact  adversely  on  the  safety  of 
the  operations? 


107 

Mr.  Owen.  Yes.  We  have  a  very  serious  concern  about  that  and 
we  have  since  day  1,  absolutely.  We  think  that  it  is  more  critical  in 
some  areas  than  others.  A  lot  of  the  people  that  work  overtime  are 
there  and  on  station  for  the  expertise  that  they  have.  They  are  not 
necessarily  physically  performing,  this  type  thing,  because  it  has 
always  been  the  history  of  the  Manned  Space  Program  to  have, 
when  you  are  in  critical  areas  of  launch,  that  you  do  have  that  ex- 
pertise standing  by  in  case  there  is  a  requirement  to  that.  But  in 
certain  areas  when  people  are  actually  doing  physical  labor  or 
manning  consoles,  we  have  a  great  concern  about  that. 

Mr.  VoLKMER.  To  get  back  to  the  question  of  your  incentive  fee 
and  award  and  overtime  effect  on  it,  quite  a  few  of  the  changes 
made  and  the  cannibalization  made  is  caused  by  NASA,  is  that  cor- 
rect? 

Mr.  Owen.  Yes;  it  is  caused  by  the  program,  that  is  correct,  ad- 
ministration of  the  program. 

Mr.  VoLKMER.  Do  they  take  that  into  account  when  they  deter- 
mine the  amount  of  overtime  that  will  be  allowed  or  not? 

Mr.  Owen.  Yes.  There  is  some  type  of  an  adjustment,  but  nor- 
mally we  have  a  cost  performance  factor  and  we  are  required  by 
contract  to  make  the  schedule  commitment  that  is  laid  before  us. 

There  is  a  change  incentive  in  the  contract.  Where  we  have  iden- 
tified such  things  as  additional  landings  at  Dryden  and  so  on  and 
so  forth  would  put  us  over  the  threshold  of  where  the  change  point 
was,  then  NASA  had  added  that  to  our  contract;  yes. 

Mr.  VoLKMER.  Can  you  give  me — and  I  am  sure  that  if  you  don't 
have  it,  but  I  think  you  would  have  it,  but  if  you  don't,  say  so — the 
additional  costs  that  were  incurred  as  a  result  of  cannibalization 
from  61-C — in  other  words,  prior  to  its  being  used — and  then  also 
51-L  and  the  costs  of  replacing  those  items,  or  is  that  too  difficult? 

I  don't  want  to  spend  a  lot  of  money  getting  this  information  if  it 
is  not  readily  available. 

Mr.  Owen.  Sir,  we  can  certainly  give  you  the  list  of  items  and 
what  we  think  would  have  been  the  time  involved  in  removing  and 
replacement  of  that  item,  but  everything  that  takes  place,  it  would 
be  hard  to  really  identify  what  the  actual  cost  of  that  would  be. 

Mr.  VoLKMER.  You  got  the  cost  of  removing  the  item.  You  got 
the  cost  of  putting  back  another  item  in  there. 

Mr.  Owen.  Yes,  and  it  also  depends  on  where  in  the  process  you 
were  when  you  had  to  make  this  replacement  as  to  how  much  re- 
testing  you  would  have  to  do  because  of  that. 

It  also  has  an  impact  of  where  you  took  the  item  from,  how 
much  retesting  you  have  to  do  when  you  replace  that  item.  There 
is  so  much  of  it  it  would  be  difficult  to  give  you  an  accurate  cost  of 
that.  We  could  certainly  make  an  attempt  to  do  it,  but  the  accura- 
cy of  it  would  be  in  question. 

Mr.  VoLKMER.  Let  me  ask  you  right  now,  how  many  of  the  shut- 
tles, the  three  remaining,  are  cannibalized  right  now,  have  parts 
that  are  missing? 

Mr.  Owen.  I  would  say  offhand  that  all  three  of  them  have  some 
parts  missing. 

[The  information  follows:] 
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CANNIBALIZATION 
Insert  following  line  718: 
BACKGROUND 

There  were  several  questions  during  the  July  16,  1986  hearings  of  the  House  of 
Representatives  Coimiittee  on  Science  and  Technology  that  required  a  follow-up 
response  on:  1)  cannibalizations,  2)  criticality  items,  3)  missing  parts  from 
remaining  vehicles,  and  4)  the  SPC  FY  1987  spares  budget  estimate.  Through- 
out, the  subject  of  cannibal ization  of  parts  for  the  orbiters  has  been  an 
issue.  Therefore,  the  genesis  of  cannibal ization  warrants  a  brief  review. 

Early  in  the  program,  decisions  were  made  that  have  resulted  in  there  being 
insufficient  spare  parts  to  maintain  the  orbiter  fleet  in  an  operational 
configuration.  As  reported  by  NASA  to  the  Roger's  Commission,  "...intentional 
decisions  were  made  to  defer  the  heavy  build-up  of  spare  parts  procurements  in 
the  program  so  that  funds  could  be  devoted  to  other  more  pressing  activities." 
"...our  parts  availability  is  well  behind  the  flight  need...".  Therefore,  the 
practice  of  parts  cannibal ization  has  been  used  to  meet  flight  schedule 
demands  even  though  recognized  as  undesirable  and  an  action  of  last  resort. 
There  is  not  a  positive  means  to  guarantee  the  total  elimination  of  cannibal i- 
zation  and  to  approach  that  goal  is  extremely  costly.  The  objective  is  to 
reduce  the  number  of  cannibal ization  actions  by  maximizing  the  use  of  existing 
parts  inventories,  reducing  repair  turnaround  time,  increasing  an  inventory  of 
miscellaneous  small  parts,  and  assigning  priorities  to  the  long  lead  items. 

The  following  broad  definitions  were  used  in  preparing  this  response: 

Cannibalization 

The  orbiter  parts  and  materials  required  to  support  the  processing  tasks 
are  issued  from  existing  inventories  within  the  SPC  or  delivered  from 
Rockwell  if  they  have  not  been  transferred  to  the  SPC  inventory.  There 
are  certain  parts  that  are  not  available  from  any  source  in  time  to  meet 
processing  schedule  need  dates.  These  items  may  be  obtained  by  means  of 
removing  them  from  another  orbiter  to  satisfy  the  more  critical  require^ 
irii'nt  of  the  orbiter  in  the  processing  flow. 

Criticality  Code 

The  code  that  identifies  those  systems  or  components  which,  if  they 
failed,  could  present  a  risk  to  the  safety  of  the  crew  or  could  result  in 
loss  of  the  vehicle  or  mission.  Items  cannibalized  were  checked  against 
the  Critical  Items  List  (CIL)  and,  if  included  in  the  CIL,  identified  on 
the  listings  provided  (Ref:  Orbiter  Vehicle  Operational  Configuration 
Critical  Items  List,  STS  82-0039A,  Books  1,  2,  3  and  4,  November  1, 
1982).  As  a  result  of  a  Coimission  recommendation,  the  CIL  and  associ- 
ated analyses  are  undergoing  a  reassessment  and  re-evaluation.  The 


ATTACHMENT  B 


109 


results  of  this  NASA  lead  effort  are  not  expected  before  the  Fall  of 
1986. 

1  Loss  of  life  or  vehicle. 

IR   Failure  of  redundant  hardware  elements  could  cause  loss  of  life 
or  vehicle. 

2  Loss  of  mission. 

2R   Failure  of  redundant  hardware  elements  could  cause  loss  of 
mission. 

3  All  others. 


Missing  Parts 

The  number  of  specific  parts  that  have  been  removed  from  a  vehicle  which 
have  not  been  replaced  with  serviceable  parts. 


TYPICAL  CANNIBALIZATION  SCENARIO 

1.  Line  Replacement  Unit  (LRU)  has  been  found  to  be  defective. 

2.  SPC  Logistics  is  contacted  to  see  if  a  spare  is  available  on  site  and  to 
obtain  an  estimated  delivery  date  (EDD). 

3.  Assuming  no  spare  is  available,  utilizing  the  EDD  (if  available).  Opera- 
tions Management  and  Flow  Processing  Management  determine  if  rescheduling 
can  avert  the  need  to  cannibalize. 

4.  If  rescheduling  or  deferring  the  affected  processing  functions  cannot  be 
absorbed  without  serious  schedule  impact,  the  LSSC  is  requested  to 
indicate  which  orbiters  have  acceptable  like  replacement  parts  installed. 

5.  Concurrence  to  cannibalize  is  obtained  from  the  SPC  Director  of  KSC 
Operations  and  the  responsible  NASA  Flow  Director. 

6.  The  SPC  Systems  Engineer  writes  a  Test  Preparation  Sheet  (TPS)  to 
cannibalize  the  LRU  from  an  Orbiter  of  lower  priority. 

7.  The  Systems  Engineer  obtains  approval  signatures  from: 

Engineering  Supervisor,  SPC 

Logistics  Manager,  SPC 

Systems  Engineer,  SPC 

Bay  Manager,  Orbiter  Processing  Facility  (OPF) 

Project  Engineer,  NASA 

Quality  Engineering,  SPC 

Flow  Director,  NASA 
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Upon  LRU  removal,  the  TPS  is  routed  to  Logistics  so  that  a  Parts  and 
Material  Request  (PMR)  is  written  to  order  a  spare  LRU  for  the  canni- 
balized Arbiter. 

The  cannibalized  part  must  be  reinstalled  and  reverified/retested  when 
available. 

This  process  results  in  unplanned  wear  and  tear  of  the  part  and  the  risk 
of  additional  damage  to  the  LRU  due  to  the  added  removal  and  replacement. 

In  the  course  of  the  above  scenario,  disruption  to  this  and/or  processing 
flows  may  be  significant. 


CANNIBALIZATION  COSTS 


Impact  to  Processing  of  Arbiter  with  Failed  Line  Replacement  Unit  (LRU) 

"  Cannibalization  is  always  the  last  resort  because  of  inherent 
hardware  risks  and  cosVschedule  impact.  A  cannibalization  deci- 
sion is  preceded  by  a  detailed  review  of  status  of  LRUs  in  the 
repair  cycle,  research  of  configuratlcn/interchangeabllity  and 
negotiations  with  NASA,  all  of  which  consume  valuable  schedule  time. 
As  a  result,  the  removal  of  the  failed  LRU  and  the  cannibalized  LRU 
are  not  always  in  parallel  which  impacts  the  schedule  of  the  Arbiter 
with  the  fai>ed  LRU.  The  cost  impact  of  these  delays  vary.  The 
cost  signficantly  increases  as  you  progress  through  the  processing 
span. 

Impact  to  Processing  of  Arbiter  Selected  for  Cannibalization 

°  The  Arbiter  selected  for  cannibalization  is  based  upon  LRU  inter- 
changeability  and  minimum  cost/schedule  impact.  Because  of  the 
small  fleet  size  and  length  of  the  processing  cycle,  cannibalization 
generally  occurs  after  the  Arbiter  has  started  its  processing  cycle. 
The  processing  cycle  is  initially  impacted  by  the  removal  of  the  LRU 
and  the  attendent  disruption  to  planned  activities.  The  primary 
impact,  resulting  from  a  shortage  of  parts  on  the  vehicle  being 
processed,  is  a  reschediiling  of  the  effort  which  usually  must  be 
worked  on  overtime  in  order  to  maintain  launch  schedule.  The  "as 
run"  data  was  analyzed  for  STS-II  through  STS-33  to  assess  the 
impact  of  cannibalization  on  processing  cycles.  This  data  is 
summarized  in  Table  I.  This  table  shows  that  parts  installed  on  the 
Arbiter  which  were  removed  from  other  Arbiters.  The  impact  in 
shifts  reflect  the  disruption  caused  in  the  scheduling  of  the 
Arbiter  from  which  the  parts  were  removed.  The  average  for  16 
flights  is  28  shifts,  of  which  approximately  2A%  is  recovered 
through  workarounds.  Therefore,  there  is  an  average  of  21  shifts  of 
work  which  must  be  recovered  in  the  schedule.  Based  upon  three 
shifts  a  day,  seven  days  of  schedule  must  be  recovered.  Th>s 
recovery  is  usually  accomplished  by  working  overtime.  Aur  studies 
indicate  that  it  costs  approximately  $64, AAA  in  overtime  to  recover 
a  day  lost  in  the  Arbiter  Processing  Facility.   Based  upon  an 
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average  of  seven  days  lost  per  flow,  this  would  equate  to  approxi- 
mately $450,000  of  added  overtime  cost  per  flow.  This  does  not  take 
into  consideration  the  additional  hidden  cost  associated  with  the 
disruption  that  is  caused. 


TABLE  I 
CANNIBALIZATION  SUMMARY 


CANNIBALIZED 

IMPACT 

IN  SHIFTS 

MISSION 

STS  NO. 

ORBITER 

PARTS 

INSTALLED 

TO  CANNIBALIZED  VEHICLE 

41B 

STS-11 

(099) 

11 

47 

41C 

STS-13 

(099) 

8 

51 

41D 

STS-14 

(103) 

39 

79 

41G 

STS-17 

(099) 

12 

41 

51A 

STS- 19 

(103) 

8 

3 

51C 

STS-20 

(103) 

14 

6 

51D 

STS-23 

(103) 

3 

0 

51B 

STS-24 

(099) 

20 

68 

51G 

STS-25 

(103) 

19 

23 

51F 

STS-26 

(099) 

9 

0 

511 

STS-27 

(103) 

7 

3 

51J 

STS-28 

(104) 

22 

15 

61A 

STS-30 

(099) 

14 

0 

61B 

STS-31 

(104) 

9 

10 

61C 

STS-32 

(102) 

85 

55 

51L 

STS-33 

(099) 

45 

49 

AVERAGE 


21 


28* 


Approximately  20%  of  the  impact  in  shifts  can  be  recovered  by  workarounds. 
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Mr.  VoLKMER.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman. 

The  Chair  recognizes  the  distinguished  representative  from  CaH- 
fornia,  Mr.  Brown. 

Mr.  Brown.  Thank  you,  Mr.  Chairman. 

It  seems  to  me  you  have  a  tremendously  complex  organization 
here  and  I  have  great  difficulty  understanding  it,  which  isn't  neces- 
sarily bad. 

Tell  me — you  have  sort  of  an  organization  that  was  formed  by 
cannibalization,  in  effect.  You  pulled  people  from  various  different 
organizations,  put  them  together  into  what  ostensibly  is  a  more  ef- 
fective organization,  is  that  right? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Brown.  Is  there  some,  and  I  presume  that  there  is— some 
understanding  that  in  the  event  you  don't  get  the  contract  renewed 
that  the  people  have  some  sort  of  rights  to  return  to  their  other 
organizations,  some  sort  of  tenure  that  they  v/ould  continue  in  the 
program  but  in  a  different  capacity? 

Mr.  Sargent.  No,  sir;  there  is  no  agreement  like  that,  at  least 
not  to  my  knowledge. 

Fred,  you  were  involved  in  the  formative  stages.  I  am  not  aware 
of  any. 

Mr.  Haise.  No.  I  might  relate  to  that,  that  that  has  kind  of  been 
the  history  at  Kennedy. 

If  you  go  back  to  the  startup  of  the  shuttle,  many  of  the  people 
that  gravitated  to  the  element  contractors,  you  would  fmd  one  or 
two  other  companies  preceding  that  the  local  hires  as  the  current, 
then  element  contractors  staffed  up. 

And  a  number  of  transitions  such  as  that  have  happened  at  the 
cape  where  people  have  moved  from  company  to  company. 

Clearly,  to  allow  the  railroad  train  to  continue  on  any  of  these 
episodes  you  really  have  to  capture  and  recruit  a  fairly  large 
number  of  those  people  in  place  who  are  trained  and  certified  to  do 
that  job,  and  that  is  the  way  you  carry  forward  the  corporate 
memory. 

It  is  really  a  change  of  the  management  organization  and,  say, 
the  top  two  levels  of  management  that  are  in  place  to  perform  the 
job. 

Mr.  Brown.  Do  these  top  two  or  three  levels  of  management— 
don't  they  have  some  basic  security  with  the  companies  from  which 
they  originally  came? 

Mr.  Haise.  That  would  depend,  again,  on  the  company  and  their 
requirements  at  that  time,  whether  they  could  stay  local  or  not  or 
would  be  forced  to  move. 

Mr.  Brown.  Well,  there  is  no  particular  point  in  it.  I  am  just 
trying  to  understand  how  a  complex  organization  like  this  forms 
and  then  after  it  is  no  longer  needed  what  happens  to  it. 

What  kind  of  a  mechanism  do  you  have  for  maintaining,  we  will 
say,  optimum  management  procedures  in  a  company  like  this? 

Do  you  have  an  organization  and  management  staff  that  tries  to 
unify  all  these  diverse  elements  into  an  effective  working  organiza- 
tion? 

Mr.  Sargent.  Yes,  sir,  we  do.  We  have  a  common  documentation 
system,  for  instance,  that  we  call  SPI's,  standard  practice  instruc- 


113 

tions,  which  apply  to  the  entire  team  and  give  common  practice 
and  procedures  for  how  we  will  operate. 

By  the  way,  it  also  includes  Vandenberg,  the  organization  out 
there. 

Mr.  Brown.  We  have  before  us  some  information  to  help  us  with 
this  hearing  process,  and  there  is  reference  to  an  accident  which 
occurred  in  November  1985  in  which  a  crane  was  used  improperly 
to  remove  a  handling  ring  from  a  solid  rocket  booster  as — segment 
as  it  was  being  unpacked  from  shipping.  I  am  sure  you  are  all  fa- 
miliar with  that. 

And  according  to  this,  there  was — among  the  reasons  for  this 
was  the  safety  responsibility  delegated  but  not  clearly  understood 
by  the  technicians,  inadequate  pretask  briefing,  ground  crew  not 
observing  the  lift,  and  quality  control  not  monitoring  the  work. 

Now,  I  am  not  even  certain  that  all  of  these  are  accurate,  but  in 
the  event  they  were  accurate,  how  does  your  management  struc- 
ture respond  to  this  in  order  to  ensure  the  nonrepetition  of  these 
sort  of  things;  in  other  words,  continuing  to  enhance  the  quality 
process,  the  quality  improvement  process  of  performing  this  work? 

Mr.  Sargent.  Sir,  perhaps  we  can  answer  that  in  two  parts. 

I  would  like  to  address  what  we  have  done  in  regards  to  the 
system  and  then  Mr.  Kennedy  can  talk  about  specifically  that 
problem,  perhaps. 

We  initiated  a  safety  awareness  program.  As  a  matter  of  fact, 
next  week  the  second  iteration  of  that  will  be  going  on  where  every 
single  employee  is  gathered  and  we  have  talked  to  and  emphasized 
safety  and  the  need  to  pay  attention  to  procedures. 

We  initiated  a  more  intensive  training  program  for  the  areas 
where  we  thought  we  were  deficient.  We  have  beefed  up  our  certifi- 
cation program  and  took  several  systems  type  steps  to  emphasize 
that. 

By  the  way,  the  words  that  you  are  using — I  will  probably  shoot 
myself  in  the  foot  with  this — but  those  were  our  words.  We  went 
and  checked  to  review  the  situation,  and  we  review  ourselves  very 
critically.  We  found  some  instances  of  all  of  those  in  that  isolated 
area,  and  we  felt  it  called  for  very  positive  and  prompt  action. 

Mr.  Brown.  I  don't  think  you  should  feel  you  are  shooting  your- 
self in  the  foot  by  having  properly  identified  a  problem  and  taking 
corrective  action  to  correct  it. 

That  is  what  I  would  expect  and  that  is  the  reason  for  my  ques- 
tioning as  to  what  mechanism  you  have  for  doing  that. 

Mr.  Sargent.  If  you  read  our  audit  reports,  you  will  find  we  are 
critical  with  ourselves  and  interested  in  flushing  out  the  shortcom- 
ings. 

Mr.  Brown.  I  don't  think  we  need  to  have  Mr.  Kennedy  explain 
what  you  are  doing.  I  am  interested  in  the  overall  process. 

It  seems  like  a  commonsense  objection  that  you  get  a  better  work 
force  performance  when  they  have  a  clearly  identified  sense  of 
being;  that  is,  they  feel  that  they  belong  to  an  organization  which 
they  understand,  which  is  one  reason  I  want  to  understand  what 
your  organization  is,  and  that  there  is  a  clear  delegation  of  respon- 
sibility for  corrective  action  in  all  of  these  kinds  of  situations. 

One  of  your  problems,  I  suspect,  in  maintaining  the  enthusiasm, 
commitment,  and  loyalty  of  employees,  is  providing  this  sense  of 
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identity  within  an  organization,  and,  of  course,  clearly  delineating 
responsibilities. 

And  you  feel  that  despite  the  complexity  of  this,  which  I  don't 
pretend  to  understand,  that  you  are  able  to  achieve  this? 
Mr.  Sargent.  Yes,  we  do. 

In  this  particular  case,  it  was  within  the  Morton  Thiokol  organi- 
zation. There  was  a  corporate  identity. 
Mr.  Kennedy.  I  would  like  to  respond. 

In  any  incident  that  occurs  in  the  SPC  contract  performance,  the 
first  action  is  that  there  is  an  incident  investigation  team  formed. 
That  is  one  independent  to  any  of  the  people  that  are  involved  in 
the  incident  itself. 

That  committee— the  operation  is  stopped,  nothing  is  allowed  to 
proceed,  all  the  records  are  impounded — and  that  committee  con- 
ducts an  investigation,  presents  their  findings,  and  then  the  correc- 
tive actions  in  response  to  those  findings  have  to  be  put  in  place 
before  that  operation  can  continue.  And  that  is  true  whether  it  is 
this  incident  or  any  other  incident  we  have  on  the  base. 

In  this  particular  incident — to  give  you  an  idea  that  the  kind  of 
thing  you  are  worried  about,  how  do  you  get  a  team  effort — this 
particular  incident  involved  personnel  from  both  Morton  Thiokol 
and  Lockheed. 

The  plans  were  prepared  by  Lockheed  personnel.  So,  there  is  a 
standard  applied  across  the  board  to  all  personnel  in  the  SPC,  not 
just  to  the  individual  companies. 

We  use  the  SPC  standards,  and  the  SPC  investigates,  not  Morton 
Thiokol.  I  believe  that  a  great  effort  has  been  made  by  SPC  to 
build  that  team  feeling. 

If  you  were  to  walk  out  during  operations  in  my  area,  which  is 
the  Vehicle  Assembly  Building,  it  would  be  difficult  to  tell  without 
walking  up  and  examining  the  name  on  the  badge  who  worked  for 
Lockheed,  Grumman,  or  Morton  Thiokol,  because  we  work  as  a 
team. 

We  have  an  integrated  operation.  Certain  functions  are  per- 
formed by  each  company.  They  meet  together  and  work  together  as 
a  team,  and  I  believe  that  that  has  been  a  major  challenge  in  the 
SPC  of  bringing  23  contractors,  diverse  personnel,  together  and 
doing  that,  and  I  believe  that  has  been  done  very  well. 

I  think  that  team  now  thinks  as  a  team,  and  I  think  they  are 
now  in  business. 

We  apply  the  same  disciplinary  rules  across  the  board.  By  defini- 
tion we  have  agreed  to  the  same  benefits  packages. 

For  instance,  if  a  Morton  Thiokol  employee  has  some  particular 
skill  that  Lockheed  feels  they  need,  that  person  can  transfer,  with 
both  sides  agreeing,  and  maintaining  his  benefits  just  as  if  he  con- 
tinued to  work  for  the  same  company. 

We  started  the  SPC,  and  it  has  come  out  to  be  a  successful,  inte- 
grated team  activity.  Those  people  now  think  as  SPC  and  not  as  23 
separate  contractor  employees,  at  least  in  my  opinion,  in  my  area. 
I  cannot  speak  across  the  board,  but  in  my  area,  I  believe  those 
people  would  tell  you,  yes,  they  feel  they  are  managed  fairly  and 
evenhandedly,  and  the  same  criteria  is  applied  to  everybody  and 
the  same  rules  have  to  be  followed  by  everybody. 
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Mr.  Brown.  I  appreciate  your  assurance  on  that  and  have  no 
basis  for  disagreeing  with  you,  but  this  is  such  a  unique  manage- 
ment effort  that  it  would  seem  to  me  that  we  would  benefit  or 
those  who  are  interested  in  management  as  a  science  would  benefit 
from  your  historical  analysis  of  your  successes  and  failures  with 
this. 

One  of  you  ought  to  write  a  paper  about  it. 

Mr.  Kennedy.  I  think  I  will  let  Mr.  Sargent.  I  am  a  little  busy 
right  now. 

Mr.  Brown.  Thank  you. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
Florida,  Mr.  Nelson. 

Mr.  Nelson.  Good  morning. 

I  would  like  to  follow  up  on  what  I  hear  over  and  over,  and  I 
hear  it  from  you  all.  I  hear  it  from  the  grassroots  level,  not  only  at 
Kennedy  but  throughout  the  system. 

And  that  is  the  question  of  the  spare  parts.  Now,  Mr.  Volkmer 
has  talked  about  that  today,  and  I  just  want  to  give  you  the  oppor- 
tunity of  an  open  forum  here  to  put  for  the  record  how  important 
spare  parts  are,  and  if  you  can,  put  a  dollar  figure  on  the  overall 
dollar  figure  needed  for  spare  parts  for  the  existing  three  orbiters, 
looking  to  the  fiscal  year  1987  budget.  That  would  be  a  welcome 
piece  of  information,  as  well. 

Mr.  Sargent.  Well,  sir,  there  is  no  question  that  the  spare  part 
shortage  is  a  key  element.  Maybe  one  of  the  unfortunate  things  is 
it  is  not  immediately  apparent. 

You  solve  the  problem  by  going  over  and  robbing  from  another 
vehicle.  Meanwhile,  you  may  hold  up  the  flow.  You  may  be  work- 
ing things  out  of  sequence.  You  are  exposing  the  vehicle  you  are 
removing  the  part  from,  to  potential  damage. 

Under  the  best  of  conditions  you  have  to  reinstall  the  replace- 
ment part  eventually  where  you  took  it  from,  test  that  and  verify 
that,  so  it  doubles  up  work. 

I  am  telling  you  things  that  are  obvious  to  you. 

Mr.  Nelson.  Let  me  stop  you  right  there,  Mr.  Sargent.  What  you 
have  said,  I  think,  is  a  key  for  understanding  the  efficiency  of  shut- 
tle processing  and  the  cost-effectiveness. 

Going  and  cannibalizing  a  spare  part  from  another  orbiter,  bring- 
ing it  over,  the  testing  that  has  to  be  done  to  verify  that  and  then 
when  you  take  another  spare  part  and  put  it  on  the  one  that  has 
been  cannibalized,  you  have  to  go  through  all  the  testing  proce- 
dures there. 

Have  you  got  a  percentage  figure  ball  park  of  what  might  be  the 
increased  cost  as  a  result  of  having  to  cannibalize  a  part,  bring  it 
over  and  put  a  part  back  on  the  orbiter  you  have  just  cannibalized? 

Mr.  Sargent.  I  think  we  have  taken  cuts  at  that.  We  don't  have 
a  good  handle  on  it.  We  are  working  on  that  because  it  has  a  direct 
impact  on  us. 

I  am  sorry.  I  guess  we  don't  have  a  number  that  we  could  pro- 
vide. 

Mr.  Owen.  Just  too  many  variables  in  it. 

Mr.  Sargent.  It  also  has  the  subtle  impact  of  us  working  out-of- 
station  which  drives  up  the  cost;  also,  just  doing  things  that  were 
unplanned. 
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As  a  matter  of  fact,  it  even  has  an  impact  on  overtime. 

Mr.  Nelson.  Overtime,  things  that  you  didn't  plan  and  working 
out-of-station? 

Mr.  Sargent.  We  don't  like  to  do  things  different  if  we  can  avoid 
it.  We  like  to  do  them  sequentially  and  as  planned.  We  don't  like  to 
deviate  from  the  plan  if  we  can  avoid  it,  because  that  introduces 
uncertainty  also  and  going  to  cannibalization  often  causes  you  to 
do  exactly  that,  work  out-of-station  or  different  than  you  would 
plan  to  work. 

Mr.  Nelson.  I  had  interrupted  you  there  to  underscore  that 
point.  Please  go  ahead. 

Mr.  Sargent.  The  cannibalization — I  think  I  was  just  about 
through — has  been  a  major  impact  to  us,  and  it  has  been  almost 
invisible.  It  is  not  the  sort  of  thing  you  see. 

As  long  as  you  could  solve  it  and  go  to  another  vehicle  and  get 
that  component,  it  was  not  obvious  other  than  to  us  who  had  to  do 
it. 

Mr.  Nelson.  In  the  last  two  flights,  Gl-C  and  51-L,  did  a  good  bit 
of  cannibalization  go  ahead  in  the  preparation  of  those  two  flights? 

Mr.  Sargent.  Yes,  it  did.  I  don't  know  how  to  quantify  it.  Dave, 
can  you  quantify  the  amount? 

Mr.  Owen.  Yes,  and  I  think  if  you  would  allow  me,  George,  do 
you  have  the  statistics  on  that?  We  can  quote  for  you. 

Mr.  Nelson.  While  he  is  coming  up,  Mr.  Sargent,  I  want  you  to 
be  thinking  about  if  you  have  a  dollar  figure  you  want  to  recom- 
mend for  overall  spare  parts  to  be  provided  in  the  fiscal  year  1987 
budget. 

Mr.  Sargent.  I  don't  have  it  with  me,  but  I  would  be  glad  to 
work  on  that  with  NASA. 

Mr.  Nelson.  I  want  it  directly  from  you,  not  through  NASA. 

[The  information  follows:] 
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SPARES  COST 


°         Premise 

The  orbiter  spare  parts  budget  must  be  structured  to  ensure  spares 
support  the  number  of  missions  scheduled.  The  number  of  vehicles, 
the  number  of  units  of  the  same  part  number  in  each  vehicle,  the 
predicted  failure  rate  for  that  unit,  and  planned  flight  rate  are 
all  data  elements  used  in  the  spares  predictions  analysis.  Lockheed 
has  performed  several  independent  analyses  (which  have  been  provided 
to  NASA  KSC  Logistics)  that  assessed  spares  levels  of  selected,  high 
cost  parts,  including  items  which  have  experienced  cannibalization 
action  during  SPC  orbiter  processing. 

°    Budget  Estimate 

Based  on  a  fleet  of  three  orbiters,  a  projected  build-up  to  twelve 
missions  per  year  starting  with  four  flights  in  1988,  Lockheed's 
estimate  for  the  FY  1987  budget  for  orbiter  spares  to  support 
processing  is  approximately  $150  million. 

NOTE:  This  estimate  does  not  include  related  logistics  costs  of  repair, 
repair  parts  or  any  other  design  center  requirements  that  have  been 
submitted  by  other  contractors  and  NASA,  and  represents  only  the 
spares  portion  of  an  approximately  $260  million  orbiter  logistics 
budget  required  in  FY  1987. 


ATTACHMENT  B-1 
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Mr.  Sargent.  I  will  do  my  best.  I  am  not  sure  I  have  access  to 
dollar  numbers  for  components.  I  am  not  sure  I  have  any  visability 
to  the  dollar  number.  I  think  I  can  take  a  good  cut  at  what  the 
types  and  level  of  spares  should  be  and  perhaps  can  get  to  a  dollar 
number. 

Mr.  Nelson.  If  you  could  give  a  percentage  figure  on  what  might 
be  the  increased  cost  as  a  result  of  cannibalization — are  we  talking 
about  a  10-percent  increase,  a  5-percent  increase  in  cost  and  so 
forth. 

This  is  going  to  be  important  to  us  as  we  look  to  the  future 
trying  to  solve  this  problem. 

Mr.  Owen. 

Mr.  Owen.  Yes,  sir.  The  data  is  on  the  STS-32.  We  had  73  canni- 
balizations  during  that  process. 

Mr.  Nelson.  Which  one  was  STS-32?  What  was  the  mission 
number? 

Mr.  Owen.  STS-32  was  61-C. 

On  51-L  we  had  25  cannibalizations. 

Mr.  Nelson.  And  how  much  was  on  61-C? 

Mr.  Owen.  Seventy-three. 

Mr.  Nelson.  OK.  Seventy-three  on  61-C,  which  was  the  January 
12  flight,  and  on  51-L  you  said  25  parts  were  cannibalized? 

Mr.  Owen.  Yes,  sir. 

Mr.  Nelson.  I  had  information  that  45  of  300  required  parts  were 
cannibalized,  which  is  about  15  percent. 

Mr.  Owen.  Well,  we  had  a  requirement  of  42— is  that  correct, 
George? 

Mr.  Nelson.  Well,  it  doesn't  make  any  difference.  The  fact  is 
that  it  is  a  sizeable  slowdown,  a  sizeable  extra  amount  of  work. 
Whether  it  was  25  parts  or  45  parts,  it  is  sizeable. 

Mr.  Owen.  The  disparity  in  the  numbers,  Mr.  Nelson,  is  my  quo- 
tations were  LRU's.  The  cannibalization  of  LRU's  and  their  report 
to  all  the  hardware  across-the-board. 

Mr.  Nelson.  I  thought  I  understood  all  the  acronyms,  but  I  don't 
know  what  LRU's  are. 

Mr.  Sargent.  Line  replacement  unit. 

Mr.  Nelson.  Looking  at  51-L,  was  there  anything  in  the  process 
of  the  cannibalization  of  those  parts,  anything  that  was  unusual, 
particularly  stressful? 

Share  with  us  any  of  your  information. 

Mr.  Sargent.  As  related  to  cannibalization?  No,  sir. 

Mr.  Nelson.  How  about  61-L? 

Mr.  Sargent.  I  don't  recall  anything  that  would  cause  a  stressful 
situation  because  of  that.  We  always  have  had  trouble,  as  you  prob- 
ably know,  in  our  close-outs  of  the  aft  section  because  of  the  engine 
components,  pump  replacements,  those  type  things,  and  we  spend  a 
lot  of  time  and  effort  back  there  when  we  get  into  that  situation. 
We  have  a  tendency  to  spend  a  lot  of  time  back  there  and  are 
very  careful  when  we  close  that  out.  Probably  there  are  some  cases 
of  it  around,  but  I  don't  know  what  they  are. 
Mr.  Nelson.  OK. 

Mr.  Chairman,  we  will  be  following  up  in  our  subcommittee, 
which  is  a  very  important  part  about  the  future  effectiveness,  cost 
efficiency,  and  ability  to  operate  in  the  system  so  that  they  don't 
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have  to  constantly  worry  about  making  mistakes  and  so  forth  be- 
cause they  have  gone  back,  had  to  retest  something  because  they 
have  cannibaUzed. 

Let  me  end  with  one  further  question. 

When  we  get  back  to  .lying  again,  Dr.  Fletcher  has  said — al- 
though he  hasn't  said  definitively — but  he  is  talking  about  within  a 
few  years  that  we  are  going  to  be  at  the  rate  of  12  flights  a  year. 

And  the  question  is,  you  gave  us  some  new  information  here 
today  where  you  said  that  you  are  going  to  be  recommending  to 
NASA  three  shifts,  24  hours  a  day,  7  days  a  week. 

Is  the  current  work  force  going  to  be  adequate?  Are  the  current 
procedures  going  to  be  adequate  or  are  we  going  to  see  significant 
changes  there? 

Mr.  Sargent.  I  think  that  the  current  procedures  are  adequate 
to  do  this.  We  will  have  to  add  to  the  work  force,  of  course,  to  do  it. 

As  far  as  the  stability  of  the  program,  it  will  definitely  require 
more  management  attention  than  we  had  before,  so  actually,  the 
cost  of  management  will  increase. 

It  doesn't  necessarily  provide  the  most  efficient  way  that  you 
would  perform  this  type  of  operation,  because  at  certain  points  in 
time,  due  to  schedule,  you  have  got  more  work  than  you  can  actu- 
ally cover  with  the  numbers  of  people,  but  when  you  get  one  in 
orbit  and  another  on  the  launch  pad,  in  that  sequence  it  becomes 
an  intricate  schedule  of  training  and  certification  and  these  type 
things  that  have  to  take  place,  so  we  will  be  a  much  busier  center 
around  the  clock. 

Mr.  Sargent.  It  will  be  a  selective  three  shift.  In  fact,  I  don't  be- 
lieve Morton  Thiokol  would  have  to  work  three  shifts. 

If  I  could  get  back  to  the  spare  parts  for  a  second,  I  should  have 
mentioned  that  the  SPC  is  not  responsible  for  the  spare  parts  fund- 
ing or  identification. 

We,  nevertheless,  will  take  that  action  laid  on  us. 

Mr.  Nelson.  The  reason  I  asked  you  is  that  you  are  the  one  who 
is  directly  affected  by  the  lack  thereof. 

Mr.  Sargent.  I  agree  entirely,  and  I  am  delighted  to  respond  to 
that. 

Mr.  Nelson.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
California,  Mr.  Packard. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

The  entire  discussion  this  morning  on  several  aspects  weaves  to- 
gether, I  think,  a  deep  concern  that  came  out  rather  clearly  in  our 
hearings  2  or  3  weeks  ago,  and  they  all  seem  to  be  interrelated — 
the  cannibalization  problem  that  extends  into  the  overtime  prob- 
lem, but  there  were  other  overtime  problems  inherent  within  itself, 
and  the  problems  that  that  was  creating  on  the — on  personnel. 

Let  me  ask — first  of  all,  on  the  cannibalization,  it  appears  to  me 
that  if  our  cars  and  other  pieces  of  equipment  are  standard  proce- 
dure, any  time  you  have  a  factory-installed  piece  of  equipment  it 
generally  operates  better  and  is  generally  perceived  to  be  safer  and 
better,  and  when  we  continually  move  or  do  field  replacements,  it 
tends  to  open  up  the  possibilities  greater  for  safety  factors,  and 
that  is  of  deep  concern. 
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Were  any  of  the  cannibalized  items  in  flights  61-C  and  51-L — 
were  those  critical  items?  How  did  they  list  on  the  criticality  list? 
[The  information  follows:] 

61-C  AND  51-L  CANNIBALIZATIONS 


Items  Removed  and  Replaced  Through  Cannibalization  on  51-L  (STS-33/0V-099) 

The  following  list  reflects  that  during  the  processing  cycle  of  51-L  for 
the  January  28,  1986  launch,  there  were  25  cannibalization  actions  (parts 
removed  from  another  orbiter).  There  were  several  items  that  had 
multiple  cannibal izations;  such  as  heavy  weight  heatshields  which  had 
three  cannibalizations.  (Note:  The  reason  for  this  is  there  were  only 
two  full  sets  of  this  configuration  of  the  space  shuttle  main  engine 
(SSME)  heatshield  within  the  program  at  that  time.)  Therefore,  there  are 
only  16  unique  parts  listed  on  the  attached  chart  with  the  number  of 
cannibalizations  for  the  listed  part  identified  under  QTY  (quantity) 
column.  Of  the  16  unique  parts,  one  was  identified  as  Criticality  1  and 
two  as  Criticality  IR. 


NOMENCLATURE 

FUEL  CELL 

PAYLOAD  DATA  INTERLEAVE 

ORBITER  MANEUVERING  SYSTEM  CONTROLLER 

NOSE  LANDING  GEAR  TIRE 

PURGE  SYSTEM  TUBE  FITTING 

PREFORMED  SEAL 

CONNECTOR 

PURGE  SYSTEM  TUBE  FITTING 

LIQUID  LEVEL  SENSOR 

LEFT  HAND  INBOARD  ELEVON  PLUNGER 

THERMAL  BARRIER  SEAL 

THERMAL  BARRIER 

EXTRAVEHICULAR  ACTIVITY  HATCH  COVER 

PURGE  SYSTEM  TUBE 

RIGHT  HAND  WING  DUCT 

HEAVY  WEIGHT  ENGINE  HEATSHIELD 


PART  NUMBER 

CRITICALITY 

21 

MC464-0115-3001 

IR 

01 

MC476-0135-0004 

* 

01 

MC621-0009-0125 

* 

01 

MC194-0007-0002 

1 

02 

MD273-0025-1006 

* 

04 

MD273-0026-0006 

* 

04 

ME273-0125-0004 

* 

01 

ME273-0127-0004 

* 

01 

SV766516-2 

* 

01 

V070-198259-Q01 

* 

01 

V070-298108-013 

* 

01 

V070-2981J6-005 

* 

01 

V070-316319-009 

* 

01 

V070-385018-001 

* 

01 

V070- 385190-004 

* 

01 

V070-410364-001 

IR 

03 

PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OPERATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 
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Items  Removed  and  Replaced  Through  Cannibal ization  on  61-C  (STS-32/0V-102) 

The  following  listing  identifies  the  parts  that  were  required  through 
cannibalization  to  ready  the  OV-102  for  mission  61-C  which  was  launched 
January  12,  1986.  Identified  are  51  unique  part  numbers  which  represent 
a  total  of  73  cannibalization  actions.  These  are  shown  in  the  QTY 
(quantity)  column  on  the  far  right  side  of  the  sheet.  It  may  be  noted 
that  some  of  the  names  are  the  same  (for  example,  tape  meters),  but 
require  separate  part  numbers  due  to  a  unique  functions  or  configuration. 
Of  the  51  unique  parts,  one  was  identified  as  Criticality  1,  six  as 
Criticality  IR,  one  as  Criticality  2,  and  one  as  Criticality  2R. 


NOMENCLATURE 

PART  NUMBER 

CRITICALITY 

QT^ 

LIQUID  OXYGEN  CURTAIN  ATTACH  PLATE 

V070-415322 

* 

01 

HEATER  LINE 

40V62HR308 

* 

01 

BORON  TUBE 

70B2010-1 

* 

02 

BORON  TUBE 

70B2010-4 

* 

01 

ANTI-SLAM  VALVE 

73325300 

* 

02 

AUXILIARY  POWER  UNIT  CONTROLLER 

MC201-0001-0055 

* 

02 

AUXILIARY  POWER  UNIT  INSULATION 

MC271-0080-0932 

* 

01 

LEFT  HAND  WING  RELIEF  VENT  DOOR 

MC284-0539-0004 

* 

01 

DISPLAY  DRIVER  UNIT 

MC409-0023-0003 

IR 

01 

HEADS  UP  DISPLAY  ELECTRONIC  UNIT 

MC409-0096-0012 

* 

01 

PILOT  DISPLAY  UNIT 

MC409-0096-0021 

* 

01 

SURFACE  POSITION  INDICATOR 

MC432-0221-0031 

* 

01 

TAPE  METER 

MC432-0232-0008 

• 

01 

TAPE  METER 

MC432-0232-0009 

* 

01 

TAPE  METER 

MC432-0232-0010 

* 

01 

TAPE  METER 

MC432-0232-0012 

* 

01 

TAPE  METER 

MC432-0232-0015 

* 

01 

TAPE  METER 

MC432-0232-0017 

* 

01 

TAPE  METER 

MC432-0232-0018 

* 

01 

AFT  MASTER  EVENTS  CONTROLLER 

MC450-0016-0005 

* 

01 

PULSE-CODE  MODULATION  MASTER  UNIT 

MC476-0130-0708 

2R 

01 

CENTRAL  PROCESSING  UNIT 

MC615-0001-0209 

IR 

02 

INPUT/OUTPUT  PROCESSOR 

MC615-0001-0312 

IR 

03 

MULTIPLEXER/DEMULTIPLEXER 

MC615-0004-5310 

IR 

01 

MULTIPLEXER/DEMULTIPLEXER 

MC615-0004-6110 

IR 

03 

DISPLAY  UNIT 

MC615-0006-0112 

* 

03 

EXTERNAL  TANK  PURGE  FLEXLINE 

ME271-0100-0002 

* 

01 

AIRLOCK  DUCT 

ME276-0037-0012 

* 

01 

INSULATION  BLANKET 

ME364-0014-0001 

* 

01 

INSULATION  BLANKET 

ME364-0014-0002 

* 

01 

INSULATION  BLANKET 

ME364-0014-0004 

* 

03 

LEFT  HAND  WING  SPAR  INSULATOR 

V070-190307-001 

* 

01 

RIGHT  HAND  WING  SPAR  INSULATOR 

V070-190313-002 

* 

01 

LEFT  HAND  INBOARD  ELEVON  PLUNGER 

V070- 198259-001 

* 

01 

EXTRAVEHICULAR  ACTIVITY  HATCH  COVER 

V070-361319-009 

* 

01 

BLANKET  FITTING  ASSEMBLY 

V070-362459-001 

* 

01 

PURGE/VENT/DRAIN  DUCT  COVERT 

V070-384143-005 

* 

01 

PAYLOAD  BAY  DUCT  ASSEMBLY 

V070-384196-006 

* 

01 
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NOMENCLATURE 

PURGE/VENT/DRAIN  DUCT  RETAINER 
PURGE/VENT/DRAIN  DUCT  RETAINER 
PURGE/VENT/DRAIN  DUCT  RETAINER 
PURGE/VENT/DRAIN  DUCT  RETAINER 
HEAVY  WEIGHT  ENGINE  HEATSHIELD 
HYDROGEN  VENT  PORT 
BUN6EE  ASSEMBLY 
NOSE  GEAR  LANDING  ASSEMBLY 
CLOSEOUT  PANEL 
SUPPORT  ASSEMBLY 
SUPPORT  ASSEMBLY 
ROD  END  ASSEMBLY 
PURGE/VENT/DRAIN  DUCT 


PART  NUMBER 

CRITICALITY 

qT> 

V070-384291-001 

* 

02 

V070-384292-001 

* 

02 

V070-384293-001 

* 

02 

V070-384293-002 

* 

02 

V070-410364-001 

IR 

03 

V070-454720-004 

2 

01 

V070-510101-008 

1 

01 

V070-510502-015 

* 

02 

V070-731502-004 

* 

01 

V544-366206-001 

* 

04 

V544-366207-003 

* 

01 

V070-350200-001 

* 

01 

V070-385116-003 

* 

01 

*  PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OEPRATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 
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Mr.  Owen.  Sir,  I  can't  respond  to  that  one  specifically,  but  I 
would  propose  to  say  that  probably  most  of  them  in  every  case 
would  probably  be  a  criticality-1  item. 

Mr.  Packard.  So,  each  of  them  had  significant  potential  for  prob- 
lems if,  in  fact,  it  resulted  in  malfunctioning. 

On  the  overtime,  you  indicated  that  there  would  be — to  correct 
that  there  would  be  a  substantial  increase  in  personnel  as  we  get 
toward  launch  again. 

Dr.  Fletcher  has  indicated  that  we  will  at  least  begin  to  launch 
at  a  rate  of  12  per  year,  and  you  have  indicated  that  that  will — 
that  we  will  need  to  have  an  increase  of  personnel,  three  continu- 
ous 7-day-a-week  shifts. 

We  were  running  at  about  15  flights  a  year  at  the  time,  trying  to 
move  up  to  24,  and  that  created  a  significant  pressure  on  the  sched- 
uling. 

How  long  did — during  that  high  period  of  overtime — how  long 
did  any  single  shift  work  on  a  continuous  basis? 

Mr.  Owen.  Well,  if  you  talk  about  a  total  shift  working,  I  would 
say  that  it  would  be — if  we  talk  by  shift  it  would  be  the  Morton 
Thiokol  area  where  we  had  the  people  over  there  involved  in  stack- 
ing in  12-hour  shifts. 

Mr.  Packard.  How  long  did  any  specific  individual  work  continu- 
ously? 

Mr.  Owen.  I  don't  have  that  data  in  front  of  me  to  refer  to.  I  do 
have  the  data. 

Mr.  Kennedy.  In  the  case  of  the  SRB  stacking  operation  which 
does  work  12-hour  shifts,  that  is  worked  for  1  week.  We  complete 
the  stack  of  both  SRB's  in  1  week. 

The  rest  of  that  month  they  are  on  normal  8-hour  shifts. 

Mr.  Packard.  I  would  have  to  assume  that  in  those  12-hour 
shifts  there  were  some  critical  people  as  we  would  delay  flights  and 
look  for  a  flight  the  next  day — sometimes,  in  one  case,  seven  cases, 
we  delayed  the  flight — that  some  critical  people  would  be  there 
probably  much  more  than  a  shift  would  be.  Is  that  correct? 

Mr.  Kennedy.  No,  sir,  not  in  our  case.  We  limit  our  people  to  12 
hours  in  any  one  24-hour  period. 

Mr.  Roe.  Can  the  gentleman  suspend  and  we  will  go  vote  and 
pick  up  with  you  when  the  committee  returns. 

Mr.  Packard.  Fine. 

Mr.  Roe.  The  committee  will  recess  and  go  vote,  and  we  will  be 
right  back. 

[Recess.] 

Mr.  Roe.  The  Chair  recognizes  the  gentleman  from  California, 
Mr.  Packard. 

Mr.  Packard.  Thank  you  again,  Mr.  Chairman.  The  point  I 
wanted  to  pursue  a  little  bit  was  the  interrelationship  between  the 
cannibalizing,  the  overtime,  et  cetera,  and  the  fact  that  you  have 
indicated  that  you  intend  to  increase  the  personnel  in  order  to  ac- 
commodate a  12-flight  per  year  schedule  with  3  orbiters,  when  we 
were  unable  to  accommodate,  or  certainly  we  did  not  have  an  in- 
crease of  personnel  when  we  had  a  15-flight  and  an  increasing  to 
24  flights,  and  often  delays  that  would  delay  the  next  flight  or  cer- 
tainly impinge  into  the  preparation  for  the  next  flight — how  did  we 
accommodate — how  could  you  accommodate  when  you  now  recog- 
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nize  that  you  have  to  have  increased  personnel  to  accommodate  12 
flights  per  year  with  3  orbiters?  How  were  we  able  to  do  it? 

Mr.  Owen.  Basically  we  responded  in  the  overtime  area  to  cover 
the  activities  that  were  accomplished  on  Saturdays  and  Sundays, 
and  some  extended  into  in-week  overtime  to  perform  the  work  that 
was  required  to  be  done  within  the  launch  schedule  that  was  given 
us. 

The  idea  of  planned  management  on  7  days,  three  shifts,  puts 
you  in  a  position  to  work  the  people  on  what  you  would  consider  a 
normal  40-hour  week,  thereby  to  perform  these  tasks  and  in  es- 
sence give  you  some  additional  20  percent  or  so  work  time  within 
the  particular  week  for  process. 

Mr.  Packard.  Now  that  we  are  shut  down  for  a  period  of  time, 
how  many  of  your  current  employees  do  you  anticipate  you  may 
lose  before  we  fly  again  in  another  year  and  a  half? 

Mr.  Owen.  Well,  we  have  been  working  some  scenarios  with  our 
customer,  NASA,  on  this.  We  have  been  able  to  identify  enough 
work  with  the  ongoing  processing  that  we  have  today  and  that 
breaks  out  into  the  orbiter  processing  that  is  continuing  to  go  on. 

The  structural  inspections  that  we  have  in  line  for  us  before  we 
fly  again  on  all  the  orbiters — we  have  a  backlog  of  some  377  vehi- 
cle modifications  that  can  be  performed  between  now  and  the  next 
launch  period. 

We  continue  to  work  on  our  documentation  system  improve- 
ments, our  procedures  and  instruction  improvements,  more  intensi- 
fied training  of  the  work  force,  and  returning  our  ground  systems 
back  to  flight  status,  performing  the  enhancements  on  our  GSE 
and  facilities. 

We  also  have  a  pressure  vessel  recertification  program.  We  have 
some  1,800  pressure  vessels  that  have  to  be  recertified.  We  have 
our  total  facility  corrosion  control  plan  that  has  to  continue  to  be 
worked.  We  have  our  Centaur  modifications  that  we  made  on  the 
pads  and  the  vehicles  that  have  to  be  removed. 

So  what  I  guess  I  am  saying  is  that  we  have  identified  a  tremen- 
dous amount  of  work  that  needs  to  be  done  and  can  keep  our  work 
force  intact,  depending  on— how  successful  NASA  is  with  satisfying 
this  for  their  budget  demands  will  depend  on  what  kind  of  work 
force  that  we  have. 

Mr.  Packard.  So  you  do  not  anticipate  an  interim  reduction  in 

the  work  force? 

Mr.  Owen.  I  say  that— I  can  say  that  with  tongue  in  cheek.  Now 
that  we  have  the  new  launch  date,  we  will  have  to  look  at  that  and 
I  am  sure  that  we  possibly  will  have  a  slight  reduction.  I  just  can't 
give  you  a  figure  on  it. 

Mr.  Packard.  In  your  testimony,  at  least  your  printed  testimony, 
you  indicated  you  are  looking  at  a  program  of  stationizing,  kind  of 
an  assembly  line  type  of  thing  where  people  stay  in  one  station. 

What  is  your  impression  of  that? 

Mr.  Owen.  We  have  implemented  that  and  have  had  that  for 
quite  some  time.  Our  impression  of  it  is  it  is  very  good.  The  people, 
the  employees  seem  to  like  it  very  well.  This  is,  of  course,  imple- 
mented in  the  OPF  area,  where  we  process  the  vehicle. 

We  like  it  because  of  the  employees  becoming  familiar  with  just 
certain  sections  of  the  orbiter  where  they  are  normally  assigned 
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work.  We  break  them  out  into  three  different  categories,  the  for- 
ward, the  mid  and  the  aft  sections,  and  the  employees  can  become 
better  familiarized  with  that  particular  section  and  get  more  confi- 
dent in  their  work. 

Mr.  Packard.  Before  I  leave  the  whole  issue  of  overtime  and  can- 
nibalizing, let  me  ask  one  last  question  in  that  area.  If  you  had  no 
cannibalizing  requirement,  if,  for  all  intents  and  purposes,  each 
shuttle  was  able  to  sustain  its  own  component  requirements,  how 
much  overtime  would  you  still  have  to  have  met  the  scheduling 
that  we  were  operating  under  at  the  time  of  the  accident? 

Mr.  Owen.  Sir,  that  would  be  just  more  a  guess  on  my  part,  but  I 
would  say  we  could  have  probably  eliminated  the  overtime — the 
overtime  that  we  worked  by  maybe  20  percent. 

Mr.  Packard.  So  it  certainly  wouldn't  eliminate  the  overtime  re- 
quirements? 

Mr.  Owen.  No,  sir,  absolutely  not,  but  it  was  a  big  factor. 

Mr.  Packard.  Are  you  saying  then  that  the  schedule  was  just  too 
ambitious? 

Mr.  Owen.  A  tremendous  amount  of  work,  you  have  to  under- 
stand, was  to  be  accomplished  during  that  period  of  time.  We  vv^ork 
out  programs  with  NASA  and  what  have  you  to — and  in  this  time- 
frame for  holidays,  we  were  trying  very  much,  and  polled  the 
people  and  talked  to  them  about  the  possibility  of  working  added 
overtime  to  try  to  get  some  of  these  missions  and  things  behind  us 
so  that  they  could  have  the  holidays  off.  That  was  one  factor  that 
did  increase  the  overtime  level  somewhat  during  that  period  of 
time. 

We  have  had  quite  a  few  launch  scrubs  due  to  weather,  as  you 
know.  We  also  were  caught  where  we  had  at  least  one  flight  that 
was  scheduled  on  a  weekend. 

Mr.  Packard.  One  last  question,  Mr.  Chairman. 

The  Rogers  Commission  report  describes  on  the  Challenger  mis- 
sion, where  the  accident  happened,  how  the  critical  liquid  hydro- 
gen 17-inch  disconnect  valve  opened  inadvertently  through  a  proce- 
dural error  on  the  console.  This  had  the  potential  of  creating  a  ca- 
tastrophe in  and  of  itself,  but  was  not  uncovered  until  after  the  ac- 
cident. 

What  procedures  do  you  have  for  this  type  of  an  incident  in 
terms  of  reporting  them  immediately  and  what  instructions  do 
your  employees  have  in  regard  to  these  kinds  of  circumstances? 

Mr.  Owen.  Sir,  the  procedure  calls  for,  when  an  error  is  made  by 
anyone,  that  they  report  it  and  we  put  in  a  problem  report  immedi- 
ately. This  was  a  human  error  and  the  employee,  the  engineer 
managing  the  console  did  not  recognize  that  he  had  made  an  error, 
so  therefore  a  PR  was  not  generated.  It  was  only  after  data  reduc- 
tion that  it  was  discovered  that  there  had  been  an  error  made. 

Mr.  Packard.  And  what  would  have  been  the  outcome  of  that 
error  had  the  flight  gone  on  as — without  mishap? 

Mr.  Owen.  That  is  somewhat  subjective.  A  possibility,  as  you 
said  it  could  have  been  disastrous,  but  there  is  also  a  possibility 
that  it  would  not  have,  that  it  would  have  went  ahead  and 
achieved  the  orbit. 

Mr.  Packard.  I  think  in  conclusion,  Mr.  Chairman,  it  certainly 
appears  that  with  the  myriads  of  concerns  and  problems  in  a  varie- 
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ty  of  areas,  the  0-ring  discussion  with  all  of  its  lack  of  testing  or 
inadequate  testing  for  low  temperatures  that  we  discussed  2  or  3 
weeks  ago  in  our  hearings,  and  the  pressures  of  schedule,  the  prob- 
lems of  cannibalizing,  it  appears  to  me  that  an  accident  was  almost 
inevitable  at  some  point  in  time,  whether  it  be  on  51-L  or  some 
subsequent  flight. 

This  certainly,  this  whole  problem,  unfortunate  as  it  is,  certainly 
has  given  us  a  chance  to  evaluate  what  has  to  be  done  to  put  us 
into  a  position  where  accidents  are  not  an  inevitability.  I  certainly 
hope  that  we  will  make  the  proper  moves  to  prevent  any  future  in- 
evitable accident  such  as  this. 

Thank  you. 

Mr.  Roe.  I  thank  the  gentleman  from  California. 

The  Chair  recognizes  the  distinguished  gentleman  from  Florida, 
Mr.  Lewis. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

What  I  am  generally  interested  in  is  what  type  of  inspection  plan 
do  you  overall  have  at  SPC  in  respect  to  the  initial  setup,  getting 
the  orbiter  into  position  to  go  for  a  launch?  What  is  the  overall  in- 
spection system  available?  Who  is  responsible  for  signoffs — you 
mentioned  earlier,  the  gentleman  from  Thiokol,  that  you  had  an 
excellent  team  and  you  worked  integratedly,  you  were  integrated 
and  worked  as  a  great  team. 

Does  Thiokol  sign  off  and  report  to  someone  as  the  other  systems 
people  sign  off  and  report  to  someone?  How  is  this  generated  into  a 
when  we  are  ready  to  launch  situation? 

Mr.  Sargent.  Let  me  try  that. 

The  inspection  system  is  designed  to  reinforce  the  design  and  the 
processing  package  of  requirements  that  are  completely  defined 
and  agreed  to.  Then  there  is  in  the  case  of  Morton  Thiokol,  they 
have  their  own  quality  assurance  and  their  own  inspectors  for  the 
solid  rocket  motor  and  we  have  other  inspectors  in  other  areas.  We 
normally  specialize  so  that  the  inspectors  are  able  to  learn  and  spe- 
cialize in  their  job. 

Along  the  way  if  there  is  anything  that  does  not  fit  within  that 
package  of  requirements,  it  is  flagged  and  there  is  paperwork  gen- 
erated which  requires  resolution  before  you  can  proceed. 

Mr.  Lewis.  Does  everything  come  to  a  stop  there  or  do  you  work 
around  this — does  this  continue  elsewhere  as  far  as 

Mr.  Sargent.  I  think  it  would  depend  on  where  the  thing  was.  If 
you  had  several  parallel  tasks  going  not  everything  would  stop  but 
you  would  not  proceed  with  that  discrepancy  until  the  necessary 
paperwork  was  processed  to  allow  to  proceed  and  accept  that. 

Mr.  Lewis.  What  does  SPC — how  do  they  interface  with  the 
actual  pushbutton  at  the  time  of  launch? 

Mr.  Sargent.  The  SPC  is  in  the  firing  room.  They  are  operating 
most  of  the  consoles.  The  SPC  is  also  present  in  the  room  with  the 
senior  NASA  officials. 

We  also  operate — the  entire  organization  operates  backup  firing 
rooms  where  the  development  contractors  as  well  as  the  SPC  and 
NASA  are  present  there  so  there  is  a  lot  going  on  at  that  time 
during  the  final  countdown,  if  I  understood  the  question  properly. 

Mr.  Lewis.  That  is  correct. 
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The  gentleman  from  California  asked  you  some  questions  on 
overtime.  We  now  have  three  orbiters.  In  order  to  meet  an  ambi- 
tious schedule,  do  you  strongly  feel  that  we  need  a  fourth  orbiter 
and  how  are  you  going  to  provide  the  manpower  for  that  if  neces- 
sary? 

Mr.  Sargent.  Certainly  a  fourth  orbiter  would  help  the  schedule 
considerably,  but  there  are  other  things  that  would  enhance  it.  One 
we  mentioned  is  spare  parts.  That  is  a  killer  as  far  as  schedule.  Un- 
planned modifications  are  very  difficult  for  us.  Several  changes 
would  come  down  late  in  the  schedule  that  we  would  have  to  plan 
in  and  again  work  out  of  schedule. 

I  think  those  two  are  the  main  two.  The  unplanned  work,  and  it 
can  be  in  the  form  of  modifications  or  it  can  be  a  change  in  mani- 
fest and  the  logistics. 

Mr.  Lewis.  With  the — do  you  feel  that  during  the  normal  launch- 
ing schedule,  whatever  normal  launching  schedule  would  be,  that 
you  would  require  overtime  in  order  to  meet  a  launch;  is  it  a  stand- 
ard operating  procedure? 

Mr.  Sargent.  I  think  we  will  always  have  some  overtime.  There 
are  always  situations  where  you  want  your  specialists  working  on 
resolving  a  problem,  for  instance,  a  launch  abort,  or  where  you 
have  to  save  the  vehicle  or  where  you  have  in  the  area  of  stacking, 
where  you  need — once  you  have  started  a  delicate  or  a  potentially 
hazardous  operation,  you  need  to  keep  going,  so  we  never  will  get 
away  from  overtime.  In  fact,  in  that  case,  I  think  you  would  not 
want  to. 

Where  we  want  to  get  away  from  overtime  is  where  there  is 
normal  shift  work.  One  of  the  things  we  found  that  our  people  are 
very  dedicated  and  very  motivated  on  the  program  and  they  will 
work  a  good  number  of  overtime  hours,  but  where  you  come  up 
with  an  unplanned  requirement  where  they  have  something 
planned  with  the  families  and  have  to  work  overtime,  that  is 
deadly.  There  will  be  critical  areas  that  we  will  always  be  working 
overtime. 

Mr.  Lewis.  What  do  you  do  with  an  ambitious  launching  sched- 
ule where  you  get  to  a  point  where  regardless  of  whether  or  not 
your  people  are  loyal  and  highly  qualified,  they  meet  a  saturation 
point  as  far  as  needing  rest?  Are  you  in  a  position  and  is  the  SPC 
strong  enough  to  say,  we  stop  now  and  hold  for  24  hours  before  we 
go  again  so  our  people  can  get  some  rest?  Are  you  in  a  position  to 
do  that? 

Mr.  Sargent.  I  feel  we  are. 

Mr.  Lewis.  Have  you  ever  done  it? 

Mr.  Sargent.  Not  in  the  case  of  a  launch,  we  have  never  been  in 
that  position. 

Mr.  Lewis.  Why  not? 

Mr.  Sargent.  We  have  never  found  ourselves  where  we  felt  the 
critical  people  in  the  firing  rooms  were  in  that  mode.  We  have  in 
processing  delayed  a  move  out  to  the  next  station  or  something  like 
that  because  we  felt  we  should  delay  it. 

Mr.  Lewis.  I  would  like  to  talk  about  cannibalizing  from  one  or- 
biter to  another.  Once  that  happens,  you  pull  a  computer  head  or 
what  have  you  out  of  the  orbiter  and  replace  it  with  one  from  an- 
other orbiter  in  order  to  continue  moving  and  I  have  no  objections 
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to  this;  I  am  concerned  about  who  is  responsible  for  the  reinspec- 
tion  and  recertification  of  that  part  going  back  into  the  other  orbit- 
er,  not  the  one  being  launched  but  the  other  orbiter. 

Mr.  Sargent.  That  is  the  SPC.  We  would  use  the  same  proce- 
dures as  if  a  component  had  failed  in  that  source  of  the  part.  When 
we  replace  it,  we  would  run  through  the  same  testing  and  accept- 
ance that  we  would  on  any  other. 

Mr.  Roe.  Would  the  gentleman  yield? 

I  think  it  is  important  to  get  into  the  record,  who  makes  the  deci- 
sion to  cannibalize  in  the  first  place? 

Mr.  Sargent.  I  think  that  is  primarily  the  NASA  operations 
folks  at  Kennedy,  if  you  are  talking  about  going  to  orbiter  3  and 
removing 

Mr.  Roe.  It  seems  to  me  what  is  important  to  get  on  the  record  is 
that  we  are  dealing  with  730  criticality  items.  No.  1. 

Mr.  Owens  testified  earlier  to  the  point  of  view  that  when  the 
question  was  asked,  well,  of  those  items  that  have  been  cannibal- 
ized, in  his  judgment  were  mostly  criticality  items  and  the  answer 
is,  in  his  judgment,  he  thought  they  were.  Then  the  second  ques- 
tion was  asked,  we  are  talking  about  whether  we  get  the  fourth  or- 
biter, we  come  back  and  say  of  the  cannibalization  that  took  place 
that  each  one  of  the  three  orbiters  that  exist  have  been  cannibal- 
ized. 

I  think  that  is  No.  2  and  No.  3,  and  following  the  gentleman 
from  Florida's  line  of  questioning  is  that  the  whole  concern  of  the 
quality  testing  which  was  Mr.  Packard's  earlier  thought  process, 
when  you  take  a  part  out  of  something  like  taking  it  out  of  a 
brand-new  automobile,  it  is  not  that  simple  in  quality  control  to 
just  put  a  new  part  back  in.  That  concerns  the  committee,  and  No. 
4,  what  is  concerning  the  committee  was  the  point  when  the  devel- 
opers of  the  hardware  came  back  and  expressed  unanimously  their 
concern  with  the  umbrella  process  we  are  talking  about  because 
they  felt  that  part  of  the  quality  control  was  lost  in  that  transition. 

I  think  basically  that  is  where  we  are  coming  from  in  that  line  of 
questioning.  What  kind  of  answer  do  we  get?  Who  decides  to  canni- 
balize the  part  and  then  does  the  responsibility  go  back  to  your 
team  to  replace  it?  How  does  that  work  and  how  many  parts  are 
cannibalized? 

Mr.  Sargent.  Many  parts  are  cannibalized.  I  think  it  is  the  deci- 
sion of  when,  literally,  to  remove  a  line  replaceable  unit  is  the 
NASA  folks  at  Kennedy. 

Mr.  Roe.  You  have  no  authority  whatsoever  to  take  any  part  off 
any  machine  without  the  approval  of  NASA? 

Mr.  Owen.  That  is  correct.  We  apprise  them  of  the  situation  be- 
cause NASA  has  the  responsibility  to  furnish  the  parts. 

Mr.  Roe.  Do  they  have  to  give  you  permission,  is  what  I  am 
trying  to  get  at? 

Mr.  Owen.  Yes;  absolutely. 

Mr.  Roe.  Do  you  request  it 

Mr.  Owen.  We  request  permission  to  remove  a  part,  they  concur 
with  it  and  also  the  development  contractor  who  is  responsible  for 
furnishing  the  spare  parts,  the  logistics  contractor  has  to  sign  off 
and  approve  it;  he  has  to  justify  to  NASA  that  there  is  no  other 
way  to  supply  that  part. 
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Mr.  Roe.  Are  we  saying,  No.  1,  that  NASA  itself,  somebody 
there,  decides  that  a  part  can  be  cannibalized? 

Mr.  Owen.  That  is  correct. 

Mr.  Roe.  You  follow  that  procedure? 

Mr.  Owen.  Absolutely. 

Mr.  Roe.  Then  the  contractors  who  are  providing  the  proprietary 
equipment,  they  are  notified  that  that  part  is  going  to  be  cannibal- 
ized and  it  will  have  to  be  replaced  with  a  spare  part  and  the  pro- 
prietary contractor  has  to  certify,  is  that  the  process? 

Mr.  Owen.  No,  sir.  We  make  a  demand  for  the  part  from  our 
own  logistics  organization.  If  we  have  a  spare  part  in  our  logistics, 
then  we  can  use  that  to  satisfy  the  item.  If  we  do  not  have  it  there, 
then  we  request  it  from  the  development  contractor,  normally 
Rockwell,  that  has  the  logistics  support  contract,  a  demand  for  that 
part.  They  then  look  in  their  supply  system  they  have,  either  pipe- 
line or  vendor  source  or  whatever  it  is  and  give  us  a  date  or  a  time 
that  they  can  have  a  part  onboard. 

If  that  will  not  satisfy  the  requirement,  then  this  is  reported  to 
NASA.  We  are  asked  for  a  decision  from  them  about  whether  to 
cannibalize  a  part  or  what  we  should  do.  They  make  the  decision 
where  it  would  come  from,  pick  the  vehicle  which  we  take  the  part 
from  and  make  the  decision  depending  on  where  it  is  in  the  process 
and  what  has  been  tested  or  not  tested. 

Mr.  Roe.  Can  you  provide  either  now  or  for  the  record,  of  the 
three  existing  orbiters,  which  I  think  is  a  very  important  question, 
of  the  three  existing  orbiteis,  how  many  parts  have  been  cannibal- 
ized and  how  many  parts  are  we  short  on  making  those  three  units 
whole?  Can  you  provide  that  for  the  record? 

Mr.  Owen.  I  don't  have  the  data  with  me,  but  we  can  certainly 
provide  it  to  you,  and  we  will. 

Mr.  Roe.  I  particularly  want  that  information.  I  think  it  is  very 
important. 

[The  information  follows:] 
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CANNIBALIZATIONS  ON  REMAINING  THREE  ORBITERS 


The  following  listings  of  parts  cannibalized  from  the  remaining  three  orbiters 
since  their  latest  flight,  and  the  parts  missing  from  each  of  the  orbiters  as 
of  July  16,  1986,  are  provided.  As  identified  on  the  listings  of  missing 
parts,  some  items  were  removed  for  reasons  other  than  cannibal ization  (e.g., 
shipment  to  a  maintenance  location  for  repair  or  modification).  These  parts 
shortages  are  reviewed  with  NASA  and  Rockwell  on  a  daily  basis. 


OV-102 

The  latest  mission  of  Orbiter  OV-102  was  flown  on  January  12,  1986, 
Since  that  date,  no  parts  have  been  cannibalized  from  OV-102  to  support 
the  processing  schedule  of  other  orbiters.  OV-102  is  currently  under- 
going processing  in  preparation  for  transfer  to  Vandenberg  Air  Force 
Base.  As  a  result  of  the  processing  activity,  on  July  16,  1986,  there 
were  seven  parts  missing  which  did  not  include  miscellaneous  small  parts 
(i.e.,  nuts,  bolts,  brackets).  One  of  these  parts  is  listed  in  the  NASA 
Critical  Items  List  (CIL)  as  a  2R. 


Parts  Removed  From  OV-102  for  All  Reasons  and  Missing  as  of  7/16/86: 


NOMENCLATURE 

PART  NUMBER 

CRITICALITY 

QT' 

PULSE-CODE  MODULATION  MASTER  UNIT 

MC476-0130-0708 

2R 

01 

LEFT  HAND  PANEL 

V070-190607-025 

* 

01 

PANEL  ASSEMBLY 

V070-454848-002 

* 

01 

ANTENNA  ASSEMBLY 

V070-742560-017 

* 

01 

ANTENNA  ASSEMBLY 

V070-742560-020 

* 

01 

POWER  CONTROL  ASSEMBLY 

V070-765310-007 

* 

01 

POWER  CONTROL  ASSEMBLY 

V070-765600-001 

* 

01 

PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OPERATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 


•  1 
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The  latest  mission  of  the  Orbiter  OV-103  was  flown  on  August  27,  1985. 
Since  the  next  scheduled  mission  (before  the  accident)  was  the  Vandenberg 
mission  and  Orbiters  099,  102,  and  104  were  scheduled  to  fly  before  the 
VLS  scheduled  launch  date,  Orbiter  103  became  the  primary  vehicle  from 
which  parts  were  cannibalized.  This  is  the  reason  for  the  unusually  high 
number  of  parts  cannibalized.  The  last  section  of  this  listing  shows  the 
number  of  parts  that  were  missing  as  of  July  16.  There  are  14  unique 
part  numbers  which  represent  29  items  which  had  not  been  replaced.*  Five 
of  the  14  part  numbers  are  listed  in  the  NASA  Critical  Items  List  as  IR. 


In  some  cases  (for  example,  the  fuel  cell),  there  are  more  parts 
missing  than  were  cannibalized  which  resulted  from  an  additional  two 
being  removed  for  problem  reports  (i.e. 


hardware  failure] 


Cannibal izations  from  OV-103  since  last  launch  on  27  August  1985: 


NOMENCLATURE 

LIQUID  SENSOR 

FLIGHT  ACCELERATION  SAFETY  CUTOFF 

SYSTEM  BOX 
HEATER  LINE 
BORON  TUBE 
BORON  TUBE 
BORON  TUBE 
ANTI-SLAM  VALVE 

AUXILIARY  POWER  UNIT  CONTROLLER 
AUXILIARY  POWER  UNIT  INSULATION 
LIQUID  OXYGEN  RELIEF  VALVE 
UNDERLOADER  VALVE 
LEFT  HAND  WING  RELIEF  VENT  DOOR 
DISPLAY  DRIVER  UNIT 
DISPLAY  DRIVER  UNIT 
KU  BANK  DEPLOYMENT  ASSEMBLY 
HEADS  UP  DISPLAY  ELECTRONIC  UNIT 
PILOT  DISPLAY  UNIT 
SURFACE  POSITION  INDICATOR 
TAPE  METER 
TAPE  METER 
TAPE  METER 
TAPE  METER 
TAPE  METER 
TAPE  METER 
TAPE  METER 

AFT  MASTER  EVENTS  CONTROLLER 
FUEL  CELL 

PAYLOAD  DATA  INTERLEAVE 
CENTRAL  PROCESSING  UNIT 
INPUT/OUTPUT  PROCESSOR 


CRITI- 

MISSING 

PART  NUMBER 

CAL  I  TY 

QTY 

(7/16/86) 

SV766516-2 

* 

01 

** 

4095004-5005 

* 

01 

** 

40V62HR308 

* 

01 

** 

70B2010-1 

* 

01 

** 

70B2010-301 

* 

01 

** 

70B2010-4 

* 

02 

** 

73325300 

* 

01 

** 

MC201-0001-0055 

* 

02 

** 

MC271-0080-0932 

* 

01 

** 

MC284-0406-0002 

IR 

01 

** 

MC284-0438-0001 

IR 

01 

** 

MC284-0539-00G4 

* 

01 

02  ### 

MC409-0023-0002 

IR 

01 

** 

MC409-0023-0003 

IR 

02 

01 

MC409-0025-3005 

1 

01 

** 

MC409-0096-0012 

* 

01 

*-* 

MC409-0C96-0021 

* 

02 

** 

MC432-0221-0031 

* 

01 

** 

MC432-0232-0008 

* 

01 

01  # 

MC432-0232-0009 

* 

01 

01  # 

MC432-0232-0010 

* 

01 

01  # 

MC432-0232-0012 

* 

01 

01  # 

MC432-0232-0015 

• 

01 

01  # 

MC432-0232-0017 

* 

01 

01  # 

MC432-0232-0018 

* 

01 

01  # 

MC450-0016-0005 

* 

01 

** 

MC464-0115-3001 

IR 

01 

03  ## 

MC476-0136-0004 

• 

01 

** 

MC615-0001-0209 

IR 

03 

** 

MC615-0001-0312 

IR 

03 

** 
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NOMENCLATURE 

MULTIPLEXER/DEMULTIPLEXER 

MULTIPLEXER/DEMULTIPLEXER 

MULTIPLEXER/DEMULTIPLEXER 

DISPLAY  UNIT 

ORBITER  MANEUVERING  SYSTEM 

CONTROLLER 
BOLT 
NUT 

WASHER 
WASHER 

PURGE  SYSTEM  TUBE  FITTING 
PREFORMED  SEAL 

EXTERNAL  TANK  PURGE  FLEXLINE 
CONNECTOR 

PURGE  SYSTEM  TUBE  FITTING 
AIRLOCK  DUCT 
AIRLOCK  DUCT  CLAMP 
INSULATION  BLANKET 
INSULATION  BLANKET 
INSULATION  BLANKET 
HOSE,  CLAMP 
HOSE.  CLAMP 

NOSE  LANDING  GEAR  TIRES 
PULSE-CODE  MODULATION  MASTER  UNIT 
LEFT  HAND  WING  SPAR  INSULATOR 
RIGHT  HAND  WING  SPAR  INSULATOR 
LEFT  HAND  CARRIER  PANEL 
SUPPORT  BRACKET 
DEBRIS  PANEL 
DEBRIS  PANEL 
HOOK  FITTING 

EXTRAVEHICULAR  ACTIVITY  HATCH  COVER 
BLANKET  FITTING  ASSEMBLY 
PURGE/VENT/DRAIN  COVER 
PAYLOAD  BAY  DUCT  ASSEMBLY 
SPACER 

PURGE/VENT/DRAIN  RETAINER 
PURGE/VENT/DRAIN  RETAINER 
PURGE/VENT/DRAIN  RETAINER 
PURGE/VENT/DRAIN  RETAINER 
PURGE  SYSTEM  TUBE 
AFT  DUCT  ASSEMBLY 
FORWARD  DUCT 

HEAVY  WEIGHT  ENGINE  HEATSHIELD 
HYROGEN  VENT  PORT 
BUNGEE  ASSEMBLY 

MAIN  LANDING  GEAR  UPLOCK  SPACER 
MAIN  LANDING  GEAR  UPLOCK  SPACER 
MAIN  LANDING  GEAR  UPLOCK  SPACER 
NOSE  GEAR  LANDING  ASSEMBLY 


PART  NUMBER 

CALITY 

qTY 

(7/16/86) 

MC615-0004-5310 

IR 

01 

** 

MC615-0004-6110 

IR 

03 

** 

MC615-0004-6210 

IR 

02 

** 

MC615-0006-0112 

2R 

03 

** 

MC621-0009-0125 

* 

01 

** 

MDlll-4024-0622 

* 

01 

** 

MD114-3005-0006 

* 

01 

** 

MD153-1002-0006 

* 

01 

** 

MD153-5004-0006 

* 

01 

** 

MD273-0025-1006 

* 

04 

** 

MD273-0026-0006 

* 

04 

** 

ME271-0100-0002 

* 

01 

** 

ME273-0125-0004 

* 

01 

** 

ME273-0127-0004 

* 

01 

** 

ME276-0037-0012 

* 

01 

** 

ME277-0007-0009 

* 

01 

** 

ME364-0014-0001 

* 

01 

** 

ME364-0014-0002 

• 

01 

** 

ME364-0014-0004 

* 

03 

** 

NAS1922-0875-1H 

* 

01 

** 

NAS1922-0525-1H 

* 

01 

** 

MC 194-0007-0002 

1 

02 

** 

MC476-0130-0708 

2R 

02 

** 

V070-190307-001 

* 

01 

** 

V070-190313-002 

* 

01 

** 

V070-194122-001 

* 

01 

** 

V070-194128-002 

* 

01 

** 

V070-336397-001 

* 

01 

** 

V070-336398-001 

* 

02 

** 

V070-366921-001 

* 

01 

** 

V070-361319-009 

* 

01 

** 

V070-362459-001 

* 

01 

** 

V070-384143-005 

* 

01 

** 

V070-384196-006 

* 

01 

** 

V070-384211-001 

* 

07 

** 

V070-384291-001 

* 

02 

** 

V070-384292-001 

* 

02 

** 

V07C-384293-001 

* 

02 

** 

V070-384293-002 

* 

02 

** 

V070-385018-001 

* 

01 

** 

V070-385114-003 

* 

01 

** 

V070-385226-003 

* 

01 

** 

V070-410364-001 

IR 

01 

** 

V070-454720-004 

2 

01 

** 

V070-510101-008 

1 

01 

** 

V070-510176-001 

* 

01 

** 

V070-510177-001 

* 

01 

** 

V070-510185-001 

* 

01 

** 

V070-510502-015 

* 

02 

** 

3 
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CLOSEOUT  PANEL 

V070-731502-004 

* 

01 

** 

GENERAL  PURPOSE  COMPUTER 

CABLES 

V070-77B231-201 

* 

01 

** 

GENERAL  PURPOSE  COMPUTER 

CABLES 

V070-778232-201 

* 

01 

** 

SUPPORT  ASSEMBLY 

V544-366206-001 

* 

04 

** 

SUPPORT  ASSEMBLY 

V544-366207-003 

* 

01 

** 

FLOODLIGHT  BRACKET  WASHERS 

V549-704023-001 

* 

03 

** 

PURGE/VENT/DRAIN  DUCT  SPACER 

V566-384010-001 

* 

04 

** 

PAYLOAD  SERVICE  AREA  HANDHOLD 

V568-650783-001 

* 

03 

** 

LEFT  HAND  CARRIER  PANEL 

V070-194121-001 

* 

01 

** 

LEFT  HAND  INBOARD  ELEVON 

PLUNGER 

V070-198259-001 

* 

01 

** 

THERMAL  BARRIER  SEAL 

V070-298108-013 

* 

01 

** 

THERMAL  BARRIER 

V070-298116-005 

* 

01 

** 

ROD  END  ASSEMBLY 

V070-350200-001 

* 

01 

** 

PURGE/VENT/DRAIN  DUCT 

V070-385116-003 

* 

01 

** 

SPACER 

V070-391118-001 

* 

01 

** 

SPACER 

V070-39ni8-002 

• 

01 

** 

SHIM 

V070-391120-001 

* 

120 

** 

SHIM 

V070-391120-002 

* 

24 

** 

SHIM 

V070-391120-003 

* 

50 

** 

SPACER 

V070-391121-001 

* 

02 

** 

GENERAL  PURPOSE  COMPUTER 

CABLES 

V070-778233-201 

* 

01 

** 

*  PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OPERATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 

**  CANNIBALIZED  PART  REPLACED  PRIOR  TO  16  JULY  1986 

#  TOTAL  DELIVERED  FLIGHT  SETS  LESS  THAN  THE  NUMBER  OF  ORBITERS. 

##  IN  ADDITION  TO  THE  ONE  CANNIBALIZED,  TWO  FUEL  CELLS  WERE  REMOVED  DUE  TO 
PROBLEM  REPORTS  AND  SHIPPED  TO  REPAIR, 

m     ONE  VENT  DOOR  REMOVED  DUE  TO  CANNIBALIZATION.   IN  ADDITION  VENT  DOOR  WAS 
REMOVED  DUE  TO  PROBLEM  REPORTS  AND  SHIPPED  TO  REPAIR. 
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Parts  Removed  From  OV-103  for  All  Reasons  (Including  Cannibal ization)  and 
Missing  as  of  7/16/86: 


NOMENCLATURE 

AUXILIARY  POWER  UNIT 

LEFT  HAND  WING  RELIEF  VENT  DOOR 

RADIO  FREQUENCY  ASSEMBLY 

DISPLAY  DRIVER  UNIT 

BRAKE  VALVE 

RE-INFORCED  CARBON  CARBON  "T"  ASSEMBLY 

ANTENNA  ASSEMBLY 

ANTENNA  ASSEMBLY 

ANTENNA  ASSEMBLY 

PANEL 

WASTE  COLLECTION  SYSTEM 

FUEL  CELLS 

ORBITER  MANEUVERING  SYSTEM  PODS 

TAPE  METER  (SET) 


PART  NUMBER 

CRITICALITY 

QTY 

MC201-0001-0201 

* 

03 

MC284-0539-0004 

IR 

02  #,## 

MC409-0017-0003 

IR 

01 

MC409-0023-0002 

IR 

01  # 

MC621-0055-0019 

IR 

04 

V070- 199806-020 

* 

01 

V070-742560-018 

* 

01 

V070-742560-019 

* 

01 

V070-742560-020 

* 

01 

MC434-0219-0005 

* 

01 

MC282-0069-08XX 

* 

01 

MC464-0115-3001 

IR 

03  #,### 

73A000000-XXXX 

* 

02 

MC432-0232-00XX 

* 

07  # 

*  PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OPERATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 

#  ITEMS  CANNIBALIZED, 

##   ONE  VENT  DOOR  REMOVED  DUE  TO  CANNIBALIZATION.  AN  ADDITIONAL  VENT  DOOR 
WAS  REMOVED  DUE  TO  A  PROBLEM  REPORT  AND  SHIPPED  TO  REPAIR. 

###  IN  ADDITION  TO  THE  ONE  CANNIBALIZED,  TWO  FUEL  CELLS  WERE  REMOVED  DUE  TO 
PROBLEM  REPORTS.  ALL  HAVE  BEEN  SHIPPED  TO  VENDOR  FOR  MODIFICATION. 
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OV-104 

The  latest  mission  of  Orbiter  OV-104  was  November  28,  1985.  Since  that 
date,  eleven  unique  parts  numbers  were  cannibalized  (13  items),  two  of 
which  are  listed  as  Criticality  IR  as  identified  in  the  NASA  Critical 
Items  List  as  of  July  16,  1986.  There  sre  nine  unique  parts  missing  (22 
items),  four  of  which  are  identified  as  Criticality  IR.  These  do  not 
include  miscellaneous  small  parts  (i.e.,  nuts,  bolts,  brackets). 


Cannibal izations  From  OV-104  Since  Last  Launch  on  28  Nov  1985: 


NOMENCLATURE 

INPUT/OUTPUT  PROCESSOR 

TAPE  METER 

TAPE  METER 

TAPE  METER 

TAPE  METER 

TAPE  METER 

TAPE  METER 

TAPE  METER 

EXTRAVEHICULAR  ACTIVITY  HATCH  COVER 

RIGHT  HAND  WING  DUCT 

HEAVY  WEIGHT  ENGINE  HEATSHIELD 


PART  NUMBER 

MC615-0001-0312 
MC432-0232-0008 
MC432-0232-0009 
MC432-0232-0010 
MC432-0232-0012 
MC432-0232-0015 
MC432-0232-0017 
MC432-0232-0018 
V070-361319-009 
V070-385190-004 
V070-410364-001 


CRITI- 

MISSING 

CALITY 

QTY 

(7/16/86) 

IR 

01 

** 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

01  # 

* 

01 

** 

* 

01 

** 

IR 

03 

01  # 

Parts  Removed  for  All  Reasons  (Including  Cannibal ization)  and  Missing  as 
of  7/16/86: 


NOMENCLATURE 

AUXILIARY  POWER  UNIT 

DISPLAY  DRIVER  UNIT 

STARTRACKER 

BRAKE  VALVE 

FORWARD  FUEL  PROBE 

HEAVY  WEIGHT  ENGINE  HEATSHIELD 

SPACE  SHUTTLE  MAIN  ENGINE 

WASTE  COLLECTION  SYSTEM 

TAPE  METER 


PART  NUMBER 

CRITICALITY 

qr 

MC201-0001-0201 

* 

03 

MC409-0023-0002 

IR 

01 

MC431-0128-0013 

IR 

01 

MC621-0055-0019 

IR 

04 

73A620089-1009 

* 

01 

V070-410364-001 

IR 

01 

RS007001-001 

* 

03 

MC282-0069-0885 

* 

01 

MC432-0232-00XX 

* 

07 

*  PART  NOT  IDENTIFIED  IN  ORBITER  VEHICLE  OPERATIONAL  CONFIGURATION  CRITICAL 
ITEMS  LIST,  STS82-0039A,  AS  CRITICALITY  1,  IR,  2  or  2R. 

**  CANNIBALIZED  PART  REPLACED  PRIOR  TO  16  JULY  1986. 

#  TOTAL  DELIVERED  FLIGHT  SETS  LESS  THAN  THE  NUMBER  OF  ORBITERS. 
##   ITEMS  CANNIBALIZED  AND  STILL  MISSING. 
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Mr.  Roe.  The  gentleman  from  Florida. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

In  your  presentation  on  page  7,  you  point  out  that  the  designated 
verifier  program  is  limited  to  noncritical  ground  support  equip- 
ment systems  and  facilities.  Then  we  go  to  page  19  and  you  point 
out,  we  are  carefully  reviewing  the  designated  program  with  NASA 
to  ensure  that  it  does  not  introduce  weakness  into  the  safety  and 
quality  assurance  program. 

I  think  you  would  always  have  an  ongoing  review  as  far  as  qual- 
ity assurance,  but  why  are  you  concerned  about  safety  if  it  is  limit- 
ed, as  you  pointed  out,  in  support  equipment  and  noncritical 
ground  support  equipment? 

Mr.  Sargent.  One  of  the  main  things  is  to  respond  to  the  Rogers 
Committee  and  review  the  designated  verifier  system  and  make 
sure  that  is  where  we  want  to  end  up.  We  are  satisfied  that  the 
designated  verifier  program  is  properly  implemented  and  utilized. 

Mr.  Lewis.  Does  the  designated  verifier  take  the  place  of  an  inde- 
pendent inspector? 

Mr.  Sargent.  Well,  in  some  ways  you  might  say  he  does.  There 
are  cases  where  designated  verifiers  are  also  the  person  doing  the 
work  in  a  noncritical  area  such  as  checking  air  pressure  in  a  tire 
or  something.  You  might  have  the  tractor  driver  check  the  tire. 
The  penalty  there  would  be  if  he  failed  to  do  his  job  right,  we 
would  have  time  lost  when  you  went  to  use  the  tractor. 

Usually,  the  designated  verifier  effort  is  in  those  general  areas 
where  it  is  not  directly  relatable  to  reliability  or  safety,  and  usual- 
ly there  are  subsequent  checks.  It  is  usually  a  value-added  check 
that  he  is  performing  as  opposed  to  a  first-line  quality  or  safety. 

Mr.  Lewis.  Do  you  as  a  matter  of  procedure  after  each  launch 
have  a  critique  as  far  as  quality  review  pertaining  to  that  launch 
to  see  what  mistakes  could  have  been  made  or  not  made,  and  what 
improvements  that  could  be  made  for  the  next  one? 

Mr.  Sargent.  We  go  through  the  things  that  are  anomalous,  and 
make  sure  we  take  care  of  them  before  the  next  approach. 

Mr.  Lewis.  What  levels  are  involved  in  this  type  of  critique  with 
the  SPC,  management  levels? 

Mr.  Sargent.  Usually  at  the  director  level. 

Mr.  Lewis.  Are  any  line  people  involved  in  this  at  all? 

Mr.  Kennedy.  I  can  speak  for  the  SRB,  and  the  ET  processing.  I 
am  not  that  familiar  with  how  the  orbiter  people  do  it.  I  think  it  is 
similar. 

We  have  what  we  call  a  postlaunch  or,  if  we  do  it  in  sequences, 
postoperation  review,  which  consists  of  the  safety,  quality,  oper- 
ations people  that  actually  did  the  work,  the  engineering  people, 
and  the  members  of  the  LSS,  the  launch  support  system  contractor 
engineering  staff,  come  into  that.  I  attend  those,  and  the  supervisor 
who  is  responsible  for  that  phase  of  the  operation.  For  instance,  if 
we  stack  the  SRB's,  after  the  stacking  of  the  SRB's,  that  particular 
set  of  SRB  operations  are  reviewed  by  the  supervisor  who  is  re- 
sponsible for  the  operation  and  the  quality  personnel  who  inspect- 
ed it. 

We  go  through  and  look  at  any  anomalies,  any  what  we  call 
problem  reports,  or  PR's,  that  are  written  during  that  flow,  evalu- 
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ate  what  the  resolution  of  them  was  and  assure  that  they  don't 
happen  again. 

In  the  case  of  problem  reports,  there  is  a  documentation  system 
which  requires  corrective  action  to  be  established  on  the  problem 
reports.  If  it  turns  out  that  we  had  a  defective  part  that  was  fur- 
nished by  a  development  contractor  which  we  had  to  either  replace 
or  to  get  what  we  call  a  material  review  board  action  on,  that  is 
documented  and  given  back  to  the  development  contractor  as  a 
piece  of  paper,  and  he  has  responsibility  to  NASA  to  respond  to 
that  through  a  cause  and  corrective  action  that  says  what  he  is 
going  to  do  to  prevent  a  similar  defective  part  from  reaching  the 
field  again. 

It  is  an  elaborate  quality  control  paperwork  control  system.  We 
review  those,  what  was  done  well  or  not  well,  what  we  need  to 
change,  either  the  procedures  or  the  processes,  before  we  do  the  job 
again;  and  any  open  items  from  previous  reviews  that  have  not 
been  taken  care  of.  We  do  that  on  every  flow  of  the  SRB  or  ET  and 
there  are  six  operations. 

We  are  stationized  and  that  same  job  is  done  repetitively  in  those 
stations  so  when  we  complete  a  job  at  a  given  station  we  have  a 
postoperations  review  of  those  activities  on  that  set  of  hardware. 

Mr.  Lewis.  I  certainly  don't  want  to  beat  this  particular  area  to 
death,  but  after  the  recovery  of  the  SRB's,  is  that  also  part  of  the 
quality  review  that  you  just  mentioned? 

Mr.  Kennedy.  No,  sir.  The  SRB's  are  recovered  by  the  SPC, 
brought  back  to  land  and  removed  from  the  water  and  placed  in 
handling  equipment;  but  the  actual  inspection,  the  postflight  in- 
spection of  that  hardware  is  done  by  the  development  contractor 
engineering  teams  and  not  by  SPC. 

Mr.  Lewis.  I  guess  after  all  these  months,  I  still  have  not  been 
able  to  pin  down  the  problem  with  that  field  joint,  Mr.  Chairman, 
and  I  guess  I  won't  be  able  to  pin  it  down  here,  but  what  has  the 
safety  record  of  the  SPC  been  that  you  have,  Mr.  Sargent,  com- 
pared to  the  record  prior  to  your  contract? 

[The  information  follows:] 
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SAFETY  RECORD  COMPARISON 


Data  available  to  the  SPC  team  reflects  a  significant  reduction  in  the 
number  of  reportable  mishaps  (damage  exceeding  $500)  since  the  SPC  team 
assumed  the  Shuttle  processing  responsibilities  from  the  development 
contractors. 

There  has  been  a  dramatic  increase  in  the  amount  of  ground  processing 
activity  at  Kennedy  Space  Center  since  the  transition  to  the  SPC  concept. 
Since  SPC  took  over,  there  has  been  significant  increase  in  the  number  of 
launches  per  year,  the  number  of  orbiters  being  processed  (one  to  four 
orbiters),  the  number  of  Mobile  Launch  Platforms  (MLPs)  in  use  (one  to 
three  MLPs),  and  the  number  of  launch  pads  in  use  (one  to  two)  over  the 
entire  period  of  time.  For  example,  during  mid-1982,  the  element 
contractors  were  processing  one  orbiter,  using  one  MLP,  and  one  launch  pad. 
There  were  three  launches  in  1982.  During  mid-1985,  LSOC  was  processing 
four  orbiters,  using  three  MLPs  and  two  launch  pads.  There  were  nine 
highly  successful  launches  in  1985. 

The  ground  safety  record  at  Kennedy  has  improved  dramatically  since  the  SPC 
team  began  processing  shuttles.  Government  data  reflects  a  favorable 
comparison  to  the  record  prior  to  the  SPC  contract.  Our  average  monthly 
reportable  mishap  since  transition  is  1.48  per  month  while  the  previous 
contractors  experienced  a  monthly  rate  of  3.179  prior  to  transition  when 
the  processing  rate  and  amount  of  flight  hardware  were  much  lower.  As  I 
have  said  before,  any  mishap  is  unacceptable  and  we  are  pressing  hard  in 
our  effort  to  drive  our  rate  as  close  to  zero  as  possible. 
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Mr.  Sargent.  I  believe  it  is  much  improved  over  the  prior  con- 
tract. Of  course,  there  are  several  ways  that  you  can  count  inci- 
dents. 

The  workload  has  continued  much,  is  much  higher.  We  had  four 
orbiters,  two  pads,  three  mobile  launch  platforms. 

When  you  consider  all  that  and  the  additional  work  that  was 
going  on  the  rate — let's  see,  if  I  have  some  parameters — it  was  at 
2.6  incidents  per  launch  at  the  end  and  I  don't  recall,  something 
like  an  eightfold. 

I  am  not  certain  of  that  number,  but  it  was  about  eight  times 
higher  prior  to  our  acceptance.  It  has  dropped  dramatically.  We 
are  still  not  satisfied  with  it,  but  it  has  improved  dramatically. 

We  have  an  incident  error  review  board  where  every  incident  is 
reviewed  by  the  managers  led  by  the  head  of  safety  and  quality  as- 
surance. 

They  review  the  corrective  action,  the  situation  involved  in  the 
incident,  and  it  is  presented  weekly  to  my  staff.  We  go  through 
every  incident  that  has  happened  that  week,  the  circumstances 
behind  it  and  look  for  reasons  why  lack  of  training  or  poor  proce- 
dures or  whatever,  so  we  work  very  hard  at  that  safety  record. 

Mr.  Lewis.  Have  you  reviewed  at  this  point — have  you  reviewed 
with  NASA  as  to  what  you  think  is  a  reasonable  launch  schedule 
that  can  be  adequately  met  by  your  manpower  to  provide  the  safest 
launch  possible? 

Mr.  Sargent.  Well,  we  have  had  discussions — I  guess  we  haven't 
reviewed  a  conclusive  number  where  we  sat  down  and  made  sure 
we  both  agree  on  all  parameters,  but  we  have  looked  at  somewhere 
in  the  neighborhood  of  12  per  year,  but  that  has  got  some  ringers 
on  it. 

It  has  the  requirement  to  improve  the  spare  situation  and  it  is 
going  to  require  that  we  work  on  in-plant  modifications  and  do 
block  incorporations  rather  than  have  them  come  in  incrementally 
at  the  last  minute  and  throw  us  off  pace. 

We  would  agree  12  per  year  with  those  provisos,  but  we  haven't 
sat  down  and  had  a  formal  agreement  on  what  the  number  would 
be. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

Mr.  Chairman,  Mr.  Sargent  mentioned  the  availability  of  spare 
parts,  and  I  recall  several  weeks  ago  that  I  believe  there  was  some 
testimony  somewhere  in  the  record  about  there  were  no  problems, 
that  there  were  sufficient  spare  parts. 

Mr.  Roe.  Particularly,  that  is  not  accurate. 

The  Chair  recognizes  the  gentleman  from  Pennsylvania,  Mr. 
Walker. 

Mr.  Walker.  I  have  a  document  here  that  I  want  to  review  with 
our  witnesses. 

I  think  it  might  be  better  for  us  to  vote  and  come  back  to  my 
questions,  because  I  don't  want  to  break  off. 

Mr.  Sensenbrenner.  Mr.  Chairman,  just  for  the  record,  I  have 
no  questions. 

Mr.  Roe.  We  will  recess  for  the  vote  and  then  come  back  and  go 
into  the  questions  of  Mr.  Walker. 

[Recess.] 
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Mr.  Roe.  The  committee  will  reconvene,  and  the  Chair  recognizes 
the  distinguished  gentleman  from  Pennsylvania,  Mr.  Walker. 

Mr.  Walker.  I  have  found  in  these  hearings  sometimes  we  can 
focus  best  on  complex  problems  by  looking  at  specific  examples, 
and  I  have  one  here  that  I  would  like  to  follow  through  a  little  bit, 
Engineering  Awareness  Bulletin  E9,  dated  22  August,  1985,  which 
is  entitled  "Part  Substitution."  I  ask  unanimous  consent  that  that 
memo  be  included  in  the  record  at  this  point  and  that  it  be  provid- 
ed to  the  members  and  to  the  witnesses. 

Mr.  Roe.  Without  objection,  so  ordered. 

[The  information  follows:] 


N&  E9  0B/22/B5 

ENGINEERING  AWARENESS  BULLETIN 

fWt7«  »UB8TITUTX0K 

Tf€  FOLLOWING  GUIDELI^ES  ARE  TO  BE  FOLLOWED  WhEN  ftPLACING 
STA^DARD  HARDWARE  WITH  SUBSTITUTION  PARTS.   ALL  KJIDELINES  APPuY 
TO  6SE  AS  WELL  AS  FlIGKT  HARDWARE  UNLESS  OThERh'ISE  NOTED. 


ALWAYS  CONSULT  YOUR  SLPERVISOR  AND  MANAGER  BEFORE  INITIATING 
A  CONFIGOflATlDN  CHANGE  WITH  A  SUBSTITUTE  PART. 

BE  SURE  THE  FEPLACEtCNT  PART  IS  AS  STRDNE/SAFE  AS  T^£  DESIGNED 
PART.   THIS  MAY  REQUIRE  STRESS  ANALYSIS. 

MAKE  SURE  YOU  UMDERSTAND  ALL  OF  THE  POTENTIAL  EFFECTS  OF  THE 
CHANGE   MANY  TIMES  IT  IS  EASY  TO  FOCUS  IN  OK'  D^E  PROBLEM  AND 
OVERLOOK  A  POTENTIALLY  HAZARDOUS  SITUATION'  WHICH  MAY  RESULT 
INDIRECTLY 

ALWAYS  WRITE  A  TYF^  'A'  TPS  TO  FABRICATE  ANY  PART  (INCLUDING 
GS"^)  OR  TO  REPLACE  FLIGHT  EQUIPMENT  WITH  A  SUBSTITUTE  PART.  . 
APPROPRIATE  MR3  ACTION'  WILL  BE  REQUIRED  FOR  ANYTHING  LEFT  W 
THE  VEHICLE. 

TAKE  ADVANTAGE  OF  Tf€  LES  SHOP  FOR  MINOR  FABRICATION  WORK. 
DO  NOT  USE  SUBSTITUTE  PARTS  WHICH  ARE  READILY  AVAIBLE  BUT 
SUBSTANDARD. 

USE  GOOD  ENGINEERING  PRACTICE  WHEN'  MAKING  A  CHANGE.  REKEMBER 
IT'S  YOUR  NAtC  THAT  GOES  ON  THE  PAPER. 
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Mr.  Walker.  As  you  look  at  this  particular  bulletin,  I  would  ask 
the  witnesses  whether  or  not  you  recognize  the  document,  and  is  it 
an  accurate  copy  of  an  engineering  awareness  bulletin  issued  by 
the  Lockheed  Space  Operations  Co.  to  employees  working  on  the 
SDS  at  the  Kennedy  Space  Center? 

Mr.  Sargent. 

Mr.  Sargent.  No,  sir,  I  don't  recognize  it  at  this  glance. 

Dave,  do  you? 

Mr.  Owen.  I  don't. 

Charlie? 

Mr.  Sargent.  Mr.  Charlie  Floyd,  the  Systems  Engineer,  does. 

Mr.  Floyd.  Without  having  a  perfect  memory,  it  appears  to  be 
correct.  This  appears  to  be  a  bulletin  we  issued  at  that  time.  There 
was  some  follow-up  discussion  on  this  subject  that  we  had  later  and 
a  policy  change  was  made  relating  to  fabrication  of  flight  hardware 
which  had  been  done  in  some  cases. 

Mr.  Walker.  This  memo  is  no  longer  operative? 

Mr.  Floyd.  Not  in  its  complete  context,  no. 

Mr.  Walker.  Let's  explore  that  a  little  bit  and  find  out  just  ex- 
actly what  we  have  got  here. 

Are  there  standard  procedures  for  qualification  and  certification 
of  man-rated  flight  hardware? 

Mr.  Sargent.  Yes,  sir,  there  are. 

Mr.  Walker.  Do  those  standard  procedures  include  a  comprehen- 
sive engineering  analysis  of  new  designs  and  modifications? 

Mr.  Sargent.  Yes,  sir,  they  do. 

Mr.  Walker.  Do  they  include  engineering  standards  for  the  ma- 
terials used  to  ensure  strength? 

Mr.  Sargent.  Yes,  I  believe  they  do. 

Mr.  Walker.  Do  they  include  adequate  testing  to  ensure  safety 
of  the  crew? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Walker.  Do  they  include  quality  assurance  procedures  to 
assure  that  the  parts  are  built,  processed  and  installed  in  accord- 
ance with  all  design  specifications? 

Mr.  Sargent.  Yes,  sir. 

Mr.  Walker.  And  isn't  there  usually  a  requirement  that  all 
parts  of  man-rated  systems  have  a  written  pedigree  that  starts 
with  design  and  flows  through  design  testing,  fabrication,  quality 
assurance,  testing,  and  installation? 

Mr.  Sargent.  I  am  not  certain  all  parts.  I  believe  that  is  correct, 
sir. 

Mr.  Floyd.  That  is  generally  correct,  yes. 

Mr.  Walker.  That  is  generally  correct? 

Mr.  Floyd.  Yes;  I  don't  know  if  it  is  100  percent  correct.  I  don't 
know  of  any  specific  examples  where  it  is  not  correct,  either. 

Mr.  Walker.  So  we  can  assume  that  that  is  the  case;  that  you 
have  a  written  pedigree  for  each  part  you  use  in  a  man-rated 
system? 

Mr.  Sargent.  I  believe  that  is  correct. 

Mr.  Walker.  Well,  when  you  look  at  this  engineering  awareness 
bulletin,  it  says  nothing  at  all  about  engineering  analysis,  design 
testing,  quality  assurance,  paper  trails  or  safety  concerns. 

Are  those  the  modifications  that  were  made? 
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Mr.  Floyd.  Well,  the  changes  made  to  this  in  a  subsequent 
review  after  some  discussion  with  specifically  the  Rockwell  Downey 
development  contractor,  the  LSSC  at  KSC,  and  with  the  NASA  En- 
gineering Director,  Mr.  Lambert,  the  NASA  KSC,  a  subsequent  bul- 
letin was  put  out  that  updated  this  to  say  that  no  fabrication  of 
flight  components  would  be  done  at  KSC  without  prior  approval  of 
the  NASA  Engineering  Director,  the  LSOC  Engineering  Director, 
the  Rockwell  LSSC  Engineering  Director,  and  the  NASA  JSC  on- 
site  resident  office  rep. 

Mr.  Walker.  When  was  that  memo  put  out? 

Mr.  Floyd.  I  don't  know  the  exact  date. 

Mr.  Walker.  Approximately  when? 

Mr.  Floyd.  Probably  a  couple  of  months  after  this  one. 

Mr.  Walker.  So  we  had  2  months  where  this  memo  was  opera- 
tive at  least? 

Mr.  Floyd.  Yes. 

Mr.  Walker.  And  during  that  time  we  had  fabrication  taking 
place  and  parts  under  the  standards  as  set  forth  in  this  memo? 

Mr.  Floyd.  If  there  were  any  that  were  attempted,  it  would  have 
been  done  under  that  policy. 

Mr.  Walker.  Under  the  policy  described  in  this  memo? 

Mr.  Floyd.  Right. 

The  fabrication  of  parts  at  KSC  was  virtually  nonexistent.  There 
had  been  a  few  cases  made  prior  to  the  SPC  transition  when  it  was 
Rockwell  on  both  ends  of  the  house.  Those  constituted  no  problems 
on  the  surface. 

Once  a  transition  took  place  and  LSS  was— excuse  me— a  LSOP 
or  SPC  was  responsible  for  that  processing,  we  did  have  to  go  back 
and  reinforce  with  some  of  our  people  that  that  policy,  which 
might  have  been  allowed  in  some  cases  before,  was  no  longer  al- 
lowed. 

Mr.  Walker.  Let  me  ask,  first  of  all,  that  you  provide  for  the 
record  a  copy  of  the  memo  that  updated  this  memo. 

Mr.  Floyd.  OK. 

Mr.  Walker.  We  want  that  for  the  record,  certainly. 

[The  information  follows:] 


143 


ENGINEERING  AWARENESS  BULLETIN  NO.  E-9 


The  attached  Engineering  Awareness  Bulletin  No.  E-9,  dated  8/22/85,  was 
generated  as  a  reminder  to  SPC  Engineering  personnel  that  special  considera- 
tions were  required  in  those  rare  cases  where  fabricatign  or  substitution  of 
parts  was  dictated  to  accomplish  processing  requirements.  It  was  precipitated 
by  discovery  that  a  replacement  Ground  Support  Equipment  (GSE)  part  had  been 
fabricated  as  a  "shop  aid"  from  a  drawing  generated  at  KSC. 

An  Engineering  Awareness  Bulletin  is  a  SPC  internal  document  used  to  "high- 
light or  amplify"  some  aspect  of  our  processing  where  we  have  found  problems. 
It  does  not  change  any  Standard  Practice  Instructions  (SPIs)  which  dictate  the 
rules  and  regulations  associated  with  work  documentation  and  work  authori- 
zation. SPC  Engineering  is  only  one  of  a  minimum  of  three  Engineering 
Approvals  required  on  a  Work  Authorization  Document  (WAD).  The  Engineering 
Awareness  Bulletins  are  distributed  only  within  Engineering  as  guidance/ 
reminders  to  our  people;  they  have  no  effect  on  NASA-KSC  or  SPC  Quality 
Engineering  personnel. 

The  Engineering  Awareness  Bulletin  No.  E-9,  dated  8/22/85,  did  amplify  the 
issue  of  special  considerations  and  the  requirement  for  a  Type  "A"  Test 
Preparation  Sheet  (TPS)  to  authorize  and  document  any  fabrications  as  well  as 
a  Material  Review  Board  (MRB)  process  for  approval  to  use  any  part  that 
deviated  in  any  way  from  specifications  and  drawings  on  the  vehicle.  The  NASA 
Design  Center  (Johnson  Space  Center  or  Marshall  Space  Flight  Center)  and  the 
Element  Development  Contractor,  as  well  as  NASA-KSC  Quality,  are  represented 
on  the  MRB  to  authorize  use  of  that  configuration  deviation  for  flight. 
Issues  are  elevated  in  appropriate  management  chains  for  resolution  when  they 
occur. 

On  December  17,  1985,  a  Revision  1  to  Engineering  Awareness  Bulletin  No.  E-9 
(attached)  was  issued  to  much  more  clearly  delineate  Engineering  actions 
relative  to  considerations  for  use  of  locally  fabricated  or  substitute  parts 
in  the  flight  vehicle  or  in  Ground  Support  Equipment  (GSE).  Since  this  latter 
bulletin  included  special  signature  requirements,  it  was  coordinated  with 
NASA-KSC  and  Rockwell  Launch  Services  Support  (LSS)  Engineering  Directors. 

The  Engineering  Awareness  Bulletin  No.  E-9,  dated  8/22/85,  did  not  create  a 
void  in  the  system  but  was  actually  a  positive  step  in  communicating  a  concern 
and  setting  up  safeguards  (supervisor/manager  involvement  plus  reminder  of 
Type  "A"  TPS  to  fabricate)  to  compensate  for  what  appeared  to  be  a  void  in  the 
system  which  SPC  inherited  from  the  development  contractor  at  SPC  transition. 

With  the  system  of  multiple  organization  authorizations  and  checks  and 
balances  on  actual  work  accomplishment,  no  one  can  act  unilaterally  in  the 
Shuttle  processing  flow. 

This  set  of  checks  and  balances  is  the  basis  for  a  high  level  of  confidence 
that  all  paper  is  closed,  that  no  issues  are  unresolved  and  that  no  "unauthor- 
ized" parts  are  put  into  the  Shuttle. 
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Engineering  Awareness  Bulletin  (EAB)  No.  E-9 

Dated  08/22/85 

Parts  Substitution 

The  following  guidelines  are  to  be  followed  when  replacing  standard  hardware 
with  substitution  parts.  All  guidelines  apply  to  Ground  Support  Equipment 
(GSE)  as  well  as  flight  hardware  unless  otherwise  noted. 

°  Always  consult  your  Supervisor  or  Manager  before  initiating  a  configuration 
change  with  a  substitute  part. 

°  Be  sure  the  replacement  part  is  as  strong/safe  as  the  designed  part.  This 
may  require  stress  analysis. 

°  Make  sure  you  understand  all  of  the  potential  effects  of  the  change.  Many 
times  it  is  easy  to  focus  in  on  one  problem  and  overlook  a  potentially 
hazardous  situation  which  may  result  indirectly. 

°  Always  write  a  Type  "A"  Test  Preparation  Sheet  (TPS)  to  fabricate  any  part 
(including  GSE)  or  to  replace  flight  equipment  with  a  substitute  part. 
Appropriate  Material  Review  Board  (MRS)  action  will  be  required  for  anything 
left  on  the  vehicle. 

°  Take  advantage  of  the  Launch  Equipment  Support  (LES)  Shop  for  minor 
fabrication  work.  Do  not  use  substitute  parts  which  are  readily  available 
but  sub-standard. 

°  Use  good  engineering  practice  when  making  a  change.  Remember,  it's  your 
name  that  goes  on  the  paper. 
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Engineering  Awareness  Bulletin  (EAB)  No.  E-9 


Rev  1 
Dated  12/17/8 


/ 


Parts  Fabrication 

This  Revision  of  Engineering  Awareness  Bulletin  E-9  replaces  the  original 
bulletin  in  its  entirety. 

The  following  direction  and  guidelines  shall  be  adhered  to  when  an  Orbiter 
part(s)  requires  fabrication. 

1.  The  unavailability  of  the  required  part(s)  will  impact  (slip)  the 
Orbiter  Processing  Facility  (OPF)  rollout  and/or  launch  schedule. 

2.  Every  possible  means  shall  be  exercised  to  obtain  the  required  part 
through  normal  Logistics  and  Launch  Services  Support  Contractor  (LSSC) 
channels. 

3.  When  the  Estimated  Delivery  Date  (EDD)  obtained  from  normal  channels 
does  not  support  Item  1  above,  local  fabrication  will  be  considered. 

4.  Prior  to  initiating  any  part{s)  fabrication,  a  Work  Authorization 
Document  (WAD)  must  be  generated  and  the  following  approval  signature 
obtained: 

SPC  Director  of  Process  Engineering 

NASA  Director  of  Engineering 

LSSC  Director  of  Systems  Engineering 

NASA  Johnson  Space  Center  (JSC)  Resident  Office 

5.  The  manufacturing  process  used  in  creating  the  part  must  be  documented 
in  full  and  shall  include  the  applicable  drawings  and  specifications. 
The  following  shall  be  included  as  a  minimum: 

Specification  control  numbers  for  raw  materials. 

Detailed  control  dimensions  (dia.,  wall  thickness,  etc.). 

Lot  Number  traceability. 

Any  critical  or  special  process  shall  be  specified  in  detail. 

6.  The  fabricated  part  will  be  identified  by  a  unique  Order  Change  Number 
(OCN)  compatible  with  Orbiter  Configuration  Verification  Accounting 
System  (CVAS).  (The  number  will  be  obtained  from  CVAS  and  recorded  on 
the  WAD.) 

7.  When  approval  is  given  for  fabrication,  ensure  the  proper  drawing  and 
process  specifications  are  provided  to  the  fabrication  shop. 


E-9  Rev  1,  Page  1  of  2 


146 


8.   A  source  inspection  is  mandatory  to  ensure  proper  materials  are  used 
and  the  identified  processing  steps  followed. 

The  proper  drawing  and  process  specifications  (Item  7  above)  and  the  results 
of  the  source  inspection  (Item  8  above)  will  be  delivered  with  the  part  as  a 
portion  of  the  acceptance  package. 

The  above  directions  and  guidelines  have  been  coordinated  with  and  agreed  to 
by  NASA  and  the  Launch  Services  Support  Contractor  (Rockwell  International). 


E-9  Rev  1,  Page  2  of  2 
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Mr.  Walker.  But  let  me  go  on  with  this,  because  what  this 
memo  says — and  I  think  we  need  to  nail  down  what  the  modifica- 
tions were — it  doesn't  sound  to  me  like  the  procedures  were  modi- 
fied; just  who  it  was  reported  to.  What  this  memo  seems  to  say  is 
that  your  technicians  can  modify  or  substitute  parts  of  flight  hard- 
ware or  ground  support  equipment  on  their  own. 

Mr.  Floyd.  Well,  the  substitution — first  of  all,  it  was  engineering, 
not  technicians,  and  the  substitution  was  different  dash  numbers  of 
the  same  basic  part  number.  Like  you  got  a  certain  part  number, 
and  it  is  a  dash  207  versus  a  dash  208.  Is  the  dash  207  and  a  dash 
208  completely  compatible?  Usually  the  drawing  tells  you. 

There  were  some  cases  where  the  issue  was  left  open  on  the 
drawings. 

Mr.  Walker.  But  this  says  nothing  about  even  having  to  consult 
the  drawings. 

Mr.  Floyd.  The  engineers  always  consult  the  drawings.  That 
statement  didn't  have  to  be  made. 

Mr.  Walker.  What  it  says  is  that  you  consult  your  supervisor 
and  your  manager  before  initiating  a  configuration  with  a  substi- 
tute part. 

Mr.  Floyd.  The  reason  for  consulting  them  is  that  responsibility 
was  put  on  the  supervisor  and  manager  to  assure  that  the  coordi- 
nation was  done  with  the  development  contractor  on  site  to  make 
sure  that  the  drawing  was  correct,  and  that  there  were  no  issues 
with  that  part. 

Mr.  Walker.  But  if  somebody  followed  this  particular  procedure 
in  detail,  they  wouldn't  even  have  to  consult  the  drawings.  They 
could  be  perfectly  in  order  with  the  procedures  outlined  and 
wouldn't  even  have  to  consult  the  drawings. 

Mr.  Floyd.  That  is  correct.  The  listing  does  not  tell  them  to  con- 
sult the  drawing. 

Mr.  Walker.  In  the  memo,  it  says,  be  sure  the  replacement  part 
is  as  strong  and  safe  as  the  design  part.  This  may  require  stress 
analysis. 

Let  me  ask  you:  Would  you  want  to  fly  in  a  vehicle  where  a  part 
had  been  fabricated  by  a  technician  to  his  own  design  and  which 
had  not  been  subjected  to  any  engineering  analysis? 

Mr.  Floyd.  It  was  never  fabricated  to  their  own  design.  The  few 
cases  where  they  were  fabricated,  they  were  fabricated  to  the  draw- 
ing. And  the  issue  that  we  had  with  the  Rockwell  LSS  was  not  our 
ability  to  build  the  part;  it  was  our  ability  to  certify  in  some  cases 
whether  the  specific  requirements  of  the  drawing  were  met  or  not. 

Mr.  Walker.  It  says  it  may  require  stress  analysis.  Is  it  possible 
that  there  are  parts  installed  in  orbiters  now  that  had  no  testing  at 
all? 

Mr.  Floyd.  No,  I  don't  believe  it  is. 

Mr.  Walker.  You  don't  believe  it  is? 

Mr.  Floyd.  I  don't  believe  it  is. 

Mr.  Walker.  You  are  not  positive  of  that,  though? 

Mr.  Floyd.  I  cannot  say  that 

Mr.  Walker.  Under  this  memo,  there  could  have  been  parts  fab- 
ricated and  put  aboard  orbiters  that  were  not  subjected  to  stress 
tests;  is  that  right? 
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Mr.  Floyd.  There  could  have  been  parts  fabricated  that  were  not 
subjected  to  stress  tests. 

Mr.  Walker.  They  could  be  aboard  orbiters,  couldn't  they? 

Mr.  Floyd.  I  thought  that  we  precluded  you  from  putting  them 
in  orbiters  later  in  the  memo. 

Mr.  Walker.  Why  are  we  making  parts  if  we  are  not  putting 
them  in  orbiters? 

Mr.  Floyd.  Sometimes  you  need  them  just  to  be  able  to  move 
from  place  to  place,  because  they  are  not  available  to  provide  cer- 
tain minimum  structural  or  access  restrictions. 

Mr.  Walker.  So  you  don't  think  there  were  any  parts  fabricated 
under  this  memo. 

It  says  flight  hardware  on  here.  You  don't  think  there  were  any 
parts  fabricated  that  went  aboard  orbiters? 

Mr.  Floyd.  That  is  correct.  Read  bullet  No.  4.  Type  A  TPS,  that 
could  do  that,  is  the  work  authorization  document  that  is  approved 
by  the  NASA  KSC,  and  the  design  center  contractor,  before  it  is 
implemented.  That  is  one  of  the  changes  that  the  LSSC  contractor 
supports  us  in  on  site. 

Mr.  Walker.  But  our  understanding  is  that  you  can  also  do  a 
configuration  change  with  a  substitute  part  as  a  result  of  number  1 
without  doing  the  No.  4.  That  is  not  true? 

Mr.  Floyd.  Only  if  it  is  a  PR  and  you  are  replacing  it  with  a  like 
unit  per  the  drawing. 

Mr.  Walker.  What  is  a  PR? 

Mr.  Floyd.  Problem  report.  That  is,  you  determine  the  box  to  be 
bad;  you  are  doing  the  work  on  the  PR  because  you  are  returning 
it  to  print. 

Mr.  Walker.  Then  you  can  fabricate  that  without  testing 

Mr.  Floyd.  No.  You  are  not  fabricating.  In  the  case  of  substitu- 
tion, it  is  not  fabricating.  It  is  the  dash  number  on  the  part. 

Mr.  Walker.  Well,  you  talk  about  a  substitute  part  and  then  you 
be  sure  the  replacement  part  is  strong  and  safe  as  a  design  part. 
The  next  part— it  seems  to  me  that  we  are  talking  about  a  replace- 
ment part  and  not  just  a  substitute.  And  then  we  go  on  to  talk 
about  fabricating  the  replacement  parts. 

Mr.  Floyd.  We  don't  use  substitute  parts  for  the  orbiter  unless 
they  are  built  to  the  same  part  number.  That  is  done  occasionally 
in  the  ground  support  equipment  world.  My  engineers  work  both  in 
the  ground  support  equipment  and  the  flight  hardware.  That  part 
of  it  is  referring  to  the  ground  support  equipment  where  occasion- 
ally, because  of  availability  of  hardware,  we  do  have  to  substitute  a 
functional  equivalent  valve  for  another  valve  that  is  not  available. 
That  is  done  with  concurrence  of  the  design  center  in  that  case, 
which  is  design  engineering,  at  KSC. 

Mr.  Walker.  And  such  parts  are  never  put  aboard  orbiters? 

Mr.  Floyd.  That  is  correct. 

Mr.  Walker.  And  there  has  never  been  a  case  of  putting  such  a 
part  aboard  an  orbiter? 

Mr.  Floyd.  I  will  not  say  that  there  has  never  been  a  case  where 
a  locally  manufactured  part  went  aboard  an  orbiter.  I  cannot  say 
that. 

Mr.  Walker.  All  of  these  flight  rated  systems  are  supposed  to 
have  specific  kinds  of  testing,  and  so  on.  Under  this  memo,  it  ap- 
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pears  to  me  as  though  you  could  have  fabricated  parts,  put  them 
aboard  orbiters,  and  that  they  would  not  be  properly  tested.  And 
now  I  am  hearing  from  you  that  you  can't  guarantee  that  that 
wasn't  done  according  to  this  memo,  and  that  is  my  problem. 

Mr.  Floyd.  What  I  can  say  is,  if  it  was  done,  it  was  done  on  the 
correct  type  A  space  TPS  with  visibility,  with  full  visibility,  concur- 
rence of  the  NASA  KSC  engineering,  the  NASA  JSC  engineering, 
and  the  Rockwell  Downey  engineering. 

Mr.  Walker.  That  is  fine.  They  all  looked  at  it.  We  all  know  that 
they  looked  at  some  other  things  that  went  wrong  down  there. 

But  what  I  am  asking  is  whether  or  not  any  parts  got  aboard  a 
shuttle  that  weren't  properly  tested.  And  you  seem  to  be  saying 
that  we  have  no  guarantees  under  this  memo  that  that  didn't 
happen. 

Mr.  Floyd.  This  memo,  per  se,  did  not  guarantee  that  happened. 
But  this  memo,  per  se,  does  not  establish  the  entire  procedure  by 
which  it  works.  This  bulletin  was  just  issued  as  a  precaution  to  try 
to  cover  a  hole  that  we  had  found  in  the  system  due  to  an  incorrect 
dash  number  on  a  certain  part  getting  installed. 

Mr.  Walker.  Didn't  this  become  general  policy  then? 

Mr.  Floyd.  It  supplemented  general  policy. 

Mr.  Walker.  OK. 

And  in  supplementing  general  policy,  becomes  general  policy; 
correct? 

Mr.  Floyd.  Except  you  cannot  make  a  configuration  change  with- 
out all  the  right  levels  of  approval.  It  did  not  change  that  policy. 

Mr.  Walker.  It  didn't  change  the  policy  of  the  sign-offs.  The 
problem  is,  though,  that  you  are  specifying  here  some  things  that 
allow  fabrication  work  to  be  done.  As  we  have  gone  around  the 
circle  here,  I  get  the  impression  that  we  could  in  fact  have  fabrica- 
tion of  parts  being  done  that  could  get  aboard  orbiters,  and  there- 
fore be  parts  aboard  orbiters  that  haven't  been  properly  qualified 
and  tested.  And  you  seem  to  agree  that  that  might  have  happened? 

Mr.  Floyd.  I  don't  believe  it  happened.  I  cannot  unequivocably 
say  that  it  didn't  happen,  either,  with  SPC  or  before  SPC.  I  don't 
know  for  a  fact  that  every  part  itself  undergoes  individual  testing. 
That  is  your  data. 

Mr.  Roe.  Will  the  gentleman  yield? 

Mr.  Walker.  Be  glad  to  yield  to  the  gentleman. 

Mr.  Roe.  What  we  are  trying  to  do  is  come  to — and  eventually 
we  will  get  there,  believe  me — to  unravel  the  whole  situation.  Fun- 
damentally, people  are  coming  back  and  saying  you  had  the  O-ring 
problem,  the  joint,  the  seal,  the  whole  thing.  However,  there  are 
723  criticality-1  items  and  a  whole  slew  of  items  1-R,  et  cetera. 

The  concern  is  the  safety.  The  safety  to  a  part  goes  to  testing,  to 
a  procedure  to  test,  a  redundancy:  Do  we  have  a  duplicate  system? 
Any  one  of  the  700  parts,  if  they  fail,  purportedly  could  cause  a  cat- 
astrophic accident. 

Isn't  that  true?  I  think  the  gentleman  is  making  the  point  some- 
place it  has  got  to  be  nailed  down.  Who  is  responsible?  Who  makes 
that  decision?  Is  it  made  at  the  highest  level  of  NASA?  If  each  one 
of  these  parts — if  it  is  criticality-1,  who  makes  that  decision? 

We  didn't  get  the  answer  out.  We  said  yes,  Mr.  Owen,  there  have 
been  some  criticality  item  I's  that  have  been  cannibalized.  How 
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many?  1?  2?  15?  18?  Is  there  an  inventory  on  the  three  orbiters 
that  would  tell  us  that  information?  Does  somebody  along  the  line 
have  the  right  to  come  back  under  this  particular  thought  process 
and  this  memorandum  and  fabricate  a  part?  Who  does  that?  Who 
is  in  charge?  Who  has  got  the  final  word  when  any  one  of  the  criti- 
cality-1  items  or  the  others  could  create  a  catastrophic  accident? 

That  is  the  concern  of  the  committee. 

Mr.  Floyd.  To  us,  that  authority  is  NASA  JSC  and  the  Rockwell 
LSSC  contractor  at  KSC,  in  coordination  with  Rockwell  Downey  for 
the  orbiter.  For  the  other  vehicles,  it  is  equivalent. 

Mr.  Roe.  We  are  coming  back,  and  we  are  saying  to  NASA  that 
someplace  along  the  line  you  are  fundamentally  basically 
responsible. 

Mr.  Director,  you  are  the  director  of  the  system.  You  have  people 
appointed.  You  are  then  responsible  under  him.  Beyond  that,  the 
contractors  are  hired  guns,  is  where  we  are  trying  to  come  from, 
and  we  are  not  trying  to  nail  you  down  today.  We  are  trying  to  say 
what  do  we  do?  Business  as  usual? 

That  is  what  the  debate  is  about:  Two  years  down  the  line,  how 
long  is  it  going  to  be?  Can  we  hold  qualified  personnel?  What  do  we 
do?  Is  the  spirit  of  the  organization  there?  This  is  what  we  are 
looking  at,  not  just  one  particular  part,  not  just  one  0-ring.  We 
have  got  to  go  and  fight  for  the  fourth  orbiter.  Can  we  do  it  with 
three? 

You  told  me  something  this  morning  that  I  didn't  know  in  the 
discussion  in  the  conference  last  night.  Can  we  fly  without  three, 
or  do  we  have  to  have  four?  What  is  the  magic  of  four?  Can  we  do 
it  with  three? 

Now,  I  have  got  to  go  back  and  find  out  of  the  three  that  we 
have,  how  many  parts  have  been  cannibalized,  who  took  the  parts 
out,  where  are  the  parts,  is  there  a  solid  inventory,  was  it  taken 
out,  was  it  fabricated  from  nickel  alloys  or  from  something  else, 
who  decided  it,  where  do  we  make  the  decision  from,  who  is  respon- 
sible, who  is  in  charge.  This  is  what  this  hearing  is  about. 

Pardon  my  enthusiasm,  but  it  has  been  four  weeks,  and  one  is 
bound  to  arrive  at  that  point.  The  question  the  gentleman  is 
asking— and  if  you  don't  know,  I  respect  you  for  saying  "I  am  not 
sure"— but  the  question  remains:  Could  someone  under  this  par- 
ticular memoranda  have  gone  in  and  done  a  part  change  that  you 
don't  know  something  about?  Who  is  in  charge  of  it?  Does  he  have 
a  right  to  do  that? 

Mr.  Floyd.  He  doesn't  have  the  right  to  do  that  if  he  follo\ys  the 
paperwork  system.  I  personally  cannot  attest  that  every  step  in  the 
paperwork  system  was  followed  on  every  procedure  that  was  run.  I 
believe  it  to  be  the  case.  I  trust  the  people  who  work  for  us,  and  we 
have  good  open  reporting,  and  I  believe  that  I  would  know  about  it 
if  that  happened. 

Mr.  Walker.  Let  me  make  the  point  that  this  is  a  part  substitu- 
tion bulletin  that  says,  the  following  guidelines  are  to  be  followed 
when  replacing  standard  hardware  with  substitution  parts.  Now, 
my  point  is  that  someone  could  follow  every  one  of  those  proce- 
dures and  think  that  he  did  exactly  the  right  thing,  and  it  appears 
to  me— and  having  done  so  the  bottom  line  is— he  could  have  fabri- 
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cated  a  part  that  has  not  been  properly  tested  and  put  aboard  an 
orbiter. 

Did  NASA  sign  off  on  this  bulletin? 

Mr.  Floyd.  NASA  does  not  concur  on  that  bulletin,  because  that 
bulletin  does  not  affect  how  NASA  operates.  NASA  has  their  own 
set  of  policies  and  how  they  check.  We  try  to  stay  closely  coordinat- 
ed with  NASA  so  that  we  don't  have  any  inconsistencies. 

Mr.  Walker.  You  said  earlier  that  NASA  is  responsible,  and  now 
you  say  there  is  a  bulletin  out  that  NASA  didn't  concur  with, 
which  could  result  in  changes  to  NASA  hardware. 

Mr.  Floyd.  At  the  time  we  wrote  this,  we  felt  that  this  was  not  a 
violation  to  the  policy  we  had  with  NASA. 

Mr.  Walker.  But  how  does  it  affect  SPC  operations? 

Mr.  Floyd.  We  need  to  look  at  bullet  4.  It  says  if  you  use  a  vehi- 
cle, appropriate  MRB  action  will  be  required  for  anything  that  is 
left  on  the  vehicle.  MRB  is  Material  Review  Board,  and  that  is  the 
standard  procedure  that  is  used  throughout  the  shuttle  program 
for  authorization  of  a  vehicle  to  fly  with  a  part  that  is  not  per  the 
drawing. 

Mr.  Walker.  But  you  can  make  a  configuration  change  under 
this  memo? 

Mr.  Floyd.  I  don't  believe  you  can  make  it  because  the  MRB  ap- 
proval is  a  prerequisite  to  closing  the  paper  that  makes  that 
change.  The  MRB  approval  goes  on  the  actual  paper  that  does  the 
work. 

Mr.  Kennedy.  Let  me  try  to  add  a  little  light,  perhaps. 

Mr.  Roe.  We  have  to  vote  on  second  call,  so  suppose  we  recess  for 
a  minute  and  we  will  be  returning  immediately. 

[Recess.] 

Mr.  Roe.  The  committee  will  reconvene. 

We  are  hearing  from  our  good  colleague  from  Pennsylvania,  Mr. 
Walker. 

Mr.  Walker.  Thank  you,  Mr.  Chairman.  You  have  been  more 
than  generous  with  the  time. 

Let  me  say  that  based  upon  what  occurred,  I  guess  the  thing  that 
concerns  me  is  the  fact  that  evidently  this  was  an  operative  memo 
for  some  time  and  has  now  been  changed,  and  we  will  be  interested 
in  seeing  the  changes  that  have  taken  place. 

Second,  if  I  understood  correctly,  there  is  a  difference  in  guide- 
lines between  what  you  do  and  what  NASA  does.  The  whole  point 
is  that,  as  the  Rogers  Commission  told  us,  reliance  on  paper  trails 
can  be  a  fatal  mistake.  If  you  have  different  guidelines  governing 
different  people  who  have  supervisory  responsibility  in  this  prob- 
lem, those  paper  trails  then  tend  to  become  less  and  less  useful. 

So,  I  am  concerned  about  what  this  particular  document  may 
represent  in  terms  of  a  breakdown  of  the  system  that  supposedly 
assures  quality  and  assures  things  are  properly  tested.  I  will  look 
forward  to  reviewing  the  information  that,  as  you  have  pointed  out, 
is  the  follow-up  information. 

Thank  you. 

Mr.  Roe.  I  thank  the  gentleman. 

What  we  are  trying  to  get  across  here  is  the  concern  of  the  com- 
mittee in  the  area  of  the  spare  parts  issue,  the  concern  of  the  com- 
mittee as  it  relates  to  the  cannibalization  of  parts  and  pieces  from 
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the  three  orbiters  that  we  have.  It  would  be,  I  would  think,  con- 
structive if  you  have  the  data  to  be  able  to  provide  the  committee 
supplementary  information  as  to  your  knowledge  of  how  many 
parts  have  been  taken  from  each  one  of  the  three  orbiters,  and 
what  does  that  inventory  indicate;  and,  is  that  cross-checked  totally 
with  NASA.  That  is  an  important  gap  to  close. 

It  seems  to  me  when  we  are  debating  the  issue  of  the  whole  pro- 
gram, never  mind  your  contract,  the  debate  now  is:  Can  we  fly 
with  three?  Do  we  need  four?  Should  we  be  doing  five,  12  flights  a 
year,  18  flights  a  year?  What  do  we  do?  That  is  the  decision  that 
this  committee  is  going  to  have  to  fortify  and  report  to  the  Con- 
gress itself. 

Having  said  that,  this  data  that  you  are  about  to  give  us  can  be 
extremely  helpful  in  making  that  decision,  because  I  think  the 
flying  of  the  orbiters  has  to  do  with  what  we  have  and  what  we 
don't  have  in  spare  parts. 

Thank  you  for  your  valid  testimony.  It  has  been  of  great  help  to 
us.  We  appreciate  your  taking  your  time  to  join  us  this  morning. 

Our  next  witness  is  James  R.  Dubay,  president  and  general  man- 
ager of  EG&G,  Florida,  Inc. 

Is  Mr.  Kerr  going  to  be— we  also  have  with  us  Dr.  Donald  Kerr, 
senior  vice  president. 

Mr.  Dubay,  welcome  to  our  committee  hearing  this  morning.  We 
have  a  copy  of  your  testimony.  Please  proceed. 

STATEMENT  OF  JAMES  R  DUBAY,  PRESIDENT  AND  GENERAL 
MANAGER,  EG&G  FLORIDA.  INC.,  ACCOMPANIED  BY  DONALD 
KERR,  SENIOR  VICE  PRESIDENT,  EG&G,  INC. 

Mr.  Dubay.  Thank  you,  Mr.  Chairman  and  distinguished  mem- 
bers of  the  subcommittee. 

I  am  James  Dubay,  and  I  am  the  general  manager  of  EG&G,  Inc. 
You  have  before  you  a  summary  fact  sheet  of  our  contract  which 
outlines  the  responsibilities  which  I  believe  is  fairly  straightfor- 
ward. It  is  totally  an  institutional  and  launch  support  services  con- 
tract effort,  and  is  similar  to  the  SPC  in  that  it  parallels  the  NASA 
concept  of  consolidation.  In  this  case,  we  consolidated  14  operating 
service  and  support  contracts  into  one. 

I  won't  propose  to  read  the  summary  fact  sheet,  since  I  believe  it 
is  fairly  straightforward,  and  would  defer  to  the  cornmittee  if  there 
are  any  specific  questions  on  our  aspect  of  responsibility. 

[The  prepared  statement  of  Mr.  Dubay  follows:] 
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INTRODUCTION 

EG&G,  Florida,  a  division  of  EG&G,  Inc.,  was  selected 
by  NASA  in  November,  1982,  to  assume  the  responsibilities  of 
the  Base  Operations  Contract  (BOC)  at  the  John  F.Kennedy  Space 
Center  [KSC] .   EG&G  performed  contract  phase-in  during  December, 
1982,  and  accepted  full  operating  responsibilities  on  January  1, 
1983. 

CONTRACT  SCOPE 

The  Base  Operations  Contract  is  primarily  an  institutional 
support  services  contract  for  NASA  and  the  user  community  at  KSC. 
The  contract  is  divided  into  six  major  areas: 

Management  -    Procurement,  Training,  Safety,  Relia-  ' 
bility  and  Quality  Assurance,  Planning, 
Scheduling  and  Work  Control,  Maintenance 
Management,  Logistics  Management,  Con- 
figuration Management,  and  Sustaining 
Engineering. 

Utilities  -     Power,  Lighting,  Heating,  Ventliating,  Air 

Conditioning,  Water,  Sewer  and  Administrative 
Communications . 
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Facilities  -    Buildings,  Structures,  Roads,  Grounds  and 
Heavy  Equipment. 

Administrative  Services  -  Mail,  Library,  Printing,  Micro- 
graphics, Supply,  Transportation  and 
Janitorial. 

Technical  Operations  -  Computer  Operations,  Calibration  and 
Standards,  Propellant  and  Life  Support,  Non- 
destructive Evaluation,  Sampling  and  Analysis, 
and  Hazardous  Waste  Management. 

Health  and  Protective  Services  -  Occupational  Medicine,  Env- 
ironmental Health,  Fire  and  Security. 

As  of  July  1,  1986,  EG&G  and  its  subcontractors  had  2189 
personnel  in  direct  support  of  these  functions. 

SUPPORT  FUNCTIONS 

EG&G  Florida  provides  a  variety  of  support  services  to  NASA, 
Shuttle  processing  contractors.  Cargo  contractors,  the  Air  Force, 
and  other  tenants  and  users  at  KSC.   The  services  are  provided  in 
different  ways  to  different  users,  as  outlined  below. 

Routine  Recurring  Services  -  These  services  include  such 
things  as  mail  delivery,  supply,  library, 
janitorial,  and  landscaping. 
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Operations  and  Maintenance  Services  -  These  services 
generally  include  the  operation  and 
maintenance  of  the  real  property  assigned 
to  the  BOC  which  are  the  utilities,  build- 
ing, structures,  roads  and  grounds. 

Special  Work  Tasks  -  These  services  are  varied  and  generally 

are  received  by  a  written  support  request  from 
the  user.   They  include  moving  furniture,  shop 
support,  transportation  requirements,  print- 
ing computer  services,  calibrations  and  non- 
destructive evaluation. 

Protective  Services  -  EG&G  provides  the  fire  fighting  and 
fire  prevention/protection  work,  security, 
investigative  and  law  enforcement  functions 
at  KSC. 

Mission  Support  Requirements  -  These  support  services  are 

provided  in  support  of  the  KSC  integrated  con- 
trol schedule  and  payload  operations  support 
schedule.   These  services  include  providing 
commodities  used  for  propellant  loading,  life 
support  equipment,  emergency  medical  services, 
fire  protection  and  security. 
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DONALD  M.  KERR 


Donald  M.  Kerr,  is  a  Senior  Vice  President,  of  EG&G,  Inc., 
Wellesley,  Massachusetts,  and  its  Government  Systems  and  Service 
Group  Executive. 

He  is  responsible  for  long-term  engineering  and  site- 
management  programs,  conducted  under  government  contracts,  which 
support  national  defense  and  security;  the  nation's  manned  space 
program;  and  nuclear,  fossil,  and  alternative  energy  research  and 
development. 

These  activities  comprise  =ipproximately  two-thirds  of  EG&G's 
scope  of  operations,  employing  over  17,000  people  at  various 
locations  around  the  U.S.,  including  NASA's  Kennedy  Space  Center, 
DOE'S  Nevada  Test  Site  and  Idaho  National  Engineering  Laboratory. 

Prior  to  joining  EG&G,  Inc.  in  1985,  Dr.  Kerr  served  as 
Director  of  the  University  of  California's  Los  Alamos  National 
Laboratory  from  1979  through  1985.   He  was  also  employed  at  Los 
Alamos  from  1966  until  1976  conducting  and  leading  research  in  high 
altitude  weapons  effects,  nuclear  test  detection,  weapons 
diagnostics,  ionospheric  physics,  and  alternative  energy  programs. 

From  1976  until  1979,  Dr.  Kerr  served  in  the  U.  S.  Department 
of  Energy,  first  in  Las  Vegas  as  Deputy  Manager  of  the  DOE  Nevada 
Operations  Office  and,  subsequently,  in  Washington,  D.C.,  as  Deputy 
Assistant  Secretary  and  Acting  Assistant  Secretary  for  Defense 
Programs  and,  later,  for  Energy  Technology. 

A  native  of  Philadelphia,  Dr.  Kerr  .received  his  Bachelor's 
degree  in  Electrical  Engineering  and  his  Master's  from  Cornell 
University.   He  earned  a  Ph.D.  in  Plasma  Physics  and  Microwave 
Electronics  from  the  same  institution  in  1966.   He  serves  on  the 
Joint  Strategic  Target  Planning  Staff,  Scientific  Advisory  Group; 
the  Cornell  University  Engineering  Alumni  Council;  and  is  a  Member 
of  the  Corporation  of  the  Charles  Stark  Draper  Laboratory  and  a 
Fellow  of  the  AAAS. 

Dr.  Kerr  is  married  to  the  former  Alison  R.  Kyle  of  Lakewood, 
Ohio,  and  lives  in  Wellesley  Hills,  Massachusetts. 
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Kennedy  Space  Center  Base  Operations  Contract:  EG&G  Florida,  Inc. 

Mr.  James  R.  Dubay,  President  and  General  Manager 

Contract  No.:  NAS10-10600 

Awarded:  January  1,  1983  (Planned  10  Year  Period) 
Contract  Value:  1983  through  1986,  $'<28,000,OOG 
Contract  Type:  Cost-Plus-Incentive/Award  Fee 
Current  Staffing:  2,270 

MISSION 

EGiG  is  responsible  for  management,  operation,  maintenance  and  engi- 
neering for  KSC  utilities,  (power  and  lighting,  heating  and  air  condi- 
tioning, water  and  sewage,  administrative  communications):  facilities, 
(buildings  and  structures,  roads,  grounds  and  heavy  equipment);  admin- 
istrative services,  (mail,  library,  printing  and  micrographics,  gra- 
phics, supply  and  transportation,  janitorial);  technical  operations, 
(computers  and  data  processing,  calibration  and  standards,  propellants 
and  life  support,  non-destructive  evaluation,  sampling  and  analysis); 
and  health  and  protective  services,  (occupational  medicine  and  environ- 
mental health,  fire  and  security). 

In  the  accomplishment  of  the  above  EG&G  is  responsible  for  required 
procurement,  resource  management,  training,  safety,  reliability  and 
quality  assurance,  planning,  scheduling  and  work  control,  configuration 
management  and  sustaining  engineering. 

ISSUE 

The  main  question  we  want  to  explore  is  the  dividing  line  between  the 
Base  Operation  Contract  (HOC)  and  the  Shuttle  Processing  Contract 
(SPC).  For  example,  who  is  responsible  for  the  large  cranes  in  the 
Vehicle  Assembly  Building.  One  cf  these  cranes  was  malfunctioning  at 
the  time  of  the  November,  1985  SRM  handling  ring  mishap.  Similarly, 
EG&G  is  responsible  for  propellants  under  the  BOC  but  the  SPC  contrac- 
tor (Lockheed)  loads  the  propellants  into  the  Shuttle.  Again,  where  is 
the  line  of  responsibility. 

QUESTIONS 

1.  (a)  Who  has  responsibility  for  the  cranes  used  in  the  VAB  to  stack 

the  SRBs  and  make  the  Shuttle  elements,  BOC  or  SPC? 

(b)  How  is  this  responsibility  divided?  If  the  BOC  is  responsible 
for  the  building  are  the  cranes  part  of  the  building? 

(c)  Are  there  ever  questions  of  responsibility  for  problems  at  the 
interface  between  contractors? 

2.  Where  does  the  BOC  responsibility  for  propellants  end  and  the  SPC 
responsibility  begin? 

3.  Have  you  ever  been  responsible  in  any  way  for  delays?  For  example 
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■has  the  SPC  ever  had  to  wait  because  some  facility  you  were 
responsible  for  needed  repairs? 

H-   Have  there  ever  been  any  conflicts  between  your  organization  and 
other  support  contractors  at  KSC?   (e.g.  Lockheed)  How  have  they 
been  resolved? 

5.  What  is  your  involvement  in  the  launch  activities?  Are  you 
represented  on  the  Mission  Management  Team  for  example? 

6.  What  are  your  resonsibilities  in  Logistics  Management?  Are  you 
involved  with  defining  spares  requirements,  procuring  spares,  etc.? 
Please  explain. 

7.  What  is  your  role  in  SR&QA? 
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Mr.  Roe.  Basically — if  the  gentleman  would  yield,  basically  as  we 
look  at  your  testimony,  which  I  reviewed,  you  are  really  the  infra- 
structure organization  of  the  whole  operation  at  Kennedy. 

Would  that  be  a  fair  commentary?  I  mean,  you  are  handling  the 
procurement,  training,  safety,  reliability,  quality  assurance,  plan- 
ning schedule,  work  control,  maintenance,  management,  logistics, 
and  so  forth  covering  all  the  utilities  at  the  base,  the  facilities,  the 
buildings  and  structures  and  grounds,  heavy  equipment,  adminis- 
trative services.  So,  it  is  the  whole  support  infrastructure  of  the 
Kennedy  Space  Center. 

Mr.  DuBAY.  That  is  correct,  Mr.  Chairman. 
Mr.  Roe.  OK. 

What  we  want  to  try  to  determine,  which  I  think  would  be  help- 
ful for  our  overall  program,  is  that  the  main  issue  as  we  see  it  is 
we  want  to  explore  the  dividing  line  between  the  base  operation 
contract  and  the  shuttle  processing  contract.  For  example,  who  is 
responsible  for  the  large  cranes  in  the  vehicle  assembly  building? 
Purportedly,  one  of  these  cranes  was  malfunctioning  at  the  time  of 
the  November  1,  1985  SRM  handling  of  the  ring  mishap. 

Similarly,  EG&G  is  responsible  for  propellants  under  the  BOC, 
but  the  SPC  contractor,  Lockheed,  loads  the  propellants  into  the 
shuttle  so  there  is  a  relationship.  It  is  not  just  the  simplicity  of  the 
point  of  view  in  relative  value  of  the  infrastructure  such  as  power 
and  light  and  utilities  and  so  forth.  You  have  an  integral  relation- 
ship on  certain  parts. 

Mr.  DuBAY.  Yes,  Mr.  Chairman,  we  do. 

Basically,  the  concept  is  to  put  all  of  the  institutional  and  the 
base  support  services  into  one  contract,  and  all  of  the  support 
mechanisms  which  are  directly  supportable  to  the  shuttle  in  the 
hands  of  the  SPC  contractor.  So  that,  in  fact,  both  in  the  propel- 
lants area  and  in  your  utilities,  primary  power,  things  like  that,  we 
take  the  power  to  an  interface  point,  at  which  the  SPC  contractor 
takes  over  and  is  responsible  for  those  systems  as  they  impact  or 
interface  or  support  his  activity,  which  are  directly  relatable  to  the 
shuttle. 

We  go  to  a  point,  and  it  is  understood  between  us  that  beyond 
that  point  the  SPC  contractor  has  that  responsibility. 
Mr.  Roe.  The  same  thing  with  propellants,  too? 
Mr.  DuBAY.  Yes. 

Mr.  Roe.  In  other  words,  you  bring  basic  materials  to  a  given 
point  and  then  the  responsibility  is  turned  over  to  the  SPC  and 
they  decide,  as  far  as  servicing  the  vehicles  is  concerned? 

Mr.  DuBAY.  That  is  right.  They  call  on  us  for  the  quantities  of 
those  propellants  that  they  need.  We  deliver  them  through  the 
pipeline  to  a  distinct  valve  at  which  point  they  take  over.  We,  as  a 
launch  support  contractor,  respond  to  their  requirements. 
Mr.  Roe.  How  do  you  divide  the  responsibility  on  the  cranes? 
Mr.  DuBAY.  In  that  regard,  the  installed  equipment,  which  is  di- 
rectly related  to  the  shuttle,  is  an  SPC  responsibility.  We  do  not 
have  responsibility  nor  do  we  operate  equipment  which  directly  im- 
pacts on  the  flight  vehicle. 

Mr.  Roe.  Do  you  provide  the  cranes  yourself?  Is  that  provided 
through  you  or  is  that  a  separate  contract? 

Mr.  DuBAY.  No;  that  is  part  of  the  SPC  facility  inventory. 
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Mr.  Roe.  The  gentleman  from  Pennsylvania. 

Mr.  Walker.  Thank  you,  Mr.  Chairman. 

What  modifications  in  your  facilities  have  had  to  be  made  as  a 
result  of  what  we  have  found  out  thus  far  about  Challenger! 

Mr.  DuBAY.  We  have  made  no  modifications  to  this  point  in  time, 
Congressman.  We  are,  along  with  all  the  other  contractors  in  the 
system,  currently  validating  all  of  our  systems,  all  of  our  proce- 
dures, refining  and  certifying  single  point  failure  analysis,  just  re- 
validating everything  that  is  in  the  system. 

Mr.  Walker.  Do  you  anticipate  you  are  going  to  have  to  make 
changes  in  the  facilities? 

Mr.  DuBAY.  It  wouldn't  appear  at  this  time  that  there  are  any 
mandatory  changes  that  have  come  to  light.  Obviously,  with  a  view 
to  increased  safety  and  quality,  there  would  be  much  more  empha- 
sis put  on  those  things,  and  I  would  expect  greater  focus,  sharp- 
ened procedures,  all  along  the  line. 

Mr.  Walker.  Do  you  have  any  responsibility,  though,  for  the 
launch  pads? 

Mr.  DuBAY.  We  have  installed  equipment,  transformers,  and  that 
type  of  thing  on  the  towers  that  we  ^re  responsible  for. 

Mr.  Walker.  If  we  have  to  put  heating  equipment  on  the  launch 
pads,  would  that  be  your  responsibility? 

Mr.  DuBAY.  That  would  depend  on  the  nature  of  the  equipment. 
We  may  well  provide  the  power,  the  generators.  However,  anything 
that  goes  directly  to  the  bird  I  am  sure  would  be  an  SPC  responsi- 
bility. We  would  provide  the  power  to  an  interface  point. 

Mr.  Walker.  For  example,  if  we  were  to  put  heating  equipment 
on  the  launch  tower  itself  to  essentially  keep  the  SRB's  warm  in 
cold  weather,  would  that  be  your  responsibility,  or  would  that  be 
SPC? 

Mr.  DuBAY.  It  could  well  be  ours.  As  a  piece  of  installed  operat- 
ing equipment  on  the  tower,  it  is  likely  that  we  would  have  a  re- 
sponsibility there,  yes. 

Mr.  Walker.  It  would  appear  as  though  that  is  one  thing  that 
flows  from  the  Rogers  Commission  report,  that  that  may  be  a  modi- 
fication that  would  have  to  be  made. 

Do  you  see  other  kinds  of  things  in  the  Rogers  Commission 
report  that  are  going  to  require  you  to  make  modifications?  If  I  un- 
derstood your  answer  before,  you  do  not  see  those. 

Mr.  DuBAY.  We  do  not  at  this  time. 

Mr.  Walker.  So,  you  do  not  see  any  major  expenditures  having 
to  be  made  by  NASA  in  order  to  fulfill  your  needs  as  a  contractor 
post-C/ia  llenger? 

Mr.  DuBAY.  No,  sir. 

Mr.  Walker.  Do  you  have  any  idea  what  kind  of  costs  would  be 
involved  in  modifying  the  tower,  for  instance,  to  provide  heating? 
Mr.  DuBAY.  I  would  have  no  idea  at  this  time,  sir. 
Mr.   Walker.   Are  there   any  security   improvements   that  are 
under  consideration  at  the  Cape? 

Mr.  DuBAY.  Security  is  an  aspect  that  is  being  enhanced.  We  are 
responsible  primarily  for  security.  However,  I  think  that  current 
installation  of  electronic  security  systems  that  is  being  done  will 
basically  suffice.  Systems  will  be  expanded,  no  doubt.  But  that  is  a 
normal  evolutionary  process. 
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Mr.  Walker.  You  do  not  see  the  need  for  considerable  new  ex- 
penditures in  that  particular  aspect  of  your  activities? 

Mr.  DuBAY.  No,  sir,  not  at  this  time. 

Mr.  Walker.  How  frequently  does  the  SPC  have  to  alter  planned 
work  or  wait  while  EG&G  does  things? 

Mr.  DuBAY.  Hopefully  not  at  all,  sir.  We  believe  we  are  very  re- 
sponsive. There  are  obviously  times  when  we  have  to  scramble  to 
meet  a  requirement,  but  I  would  say  the  net  impact  on  a  system  in 
terms  of  requirements  that  we  are  responsible  for  is  virtually  none. 

Mr.  Walker.  Are  there  any  points  where  we  had  delays  in  the 
shuttle  launches  that  it  came  about  as  a  result  of  activities  that 
you  had  underway  that  delayed  the  SPC  work? 

Mr.  DuBAY.  No,  sir,  not  to  my  knowledge. 

Mr.  Walker.  Not  to  your  knowledge. 

Thank  you,  Mr.  Chairman. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
Florida. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

Did  you  say  that  you  did  or  did  not  have  responsibility  for  the 

pad? 

Mr.  DuBAY.  It  is  a  combination,  sir.  We  have  the— the  interfaces 
at  Kennedy  are  based  on  a  division  of  installed  systems  or  equip- 
ment, and  that  is— that  simply  depends  on  the  configuration  of  the 
equipment,  the  remoteness  of  the  equipment  from  the  shuttle 
proper.  We  are  responsible  for  security  on  the  pad.  We  have  in- 
stalled equipment  and  systems  on  the  pad  and  we  provide  all  of  the 
environmental  health  requirements  for  detecting  hazardous  atmos- 
pheres and  clearing  areas  for  work  so  we  are  definitely  on  the  pad. 

Mr.  Lewis.  Is  the  fire  water  your  responsibility? 

Mr.  DuBAY.  The  fire  water  system  is  an  installed  piece  of  equip- 
ment which  we  own  most  of,  yes,  sir. 

Mr.  Lewis.  It  is  my  understanding  that  on  January  28,  the  fire 
water  sprays  were  turned  on  in  order  to  protect  against  the  tem- 
peratures. Is  that  true? 

Mr.  DuBAY.  Yes,  sir;  they  were. 

Mr.  Lewis.  And  the  drain  was  plugged  on  the  pad  so  that  the 
water  couldn't  run  off  Is  that  true? 

Mr.  DuBAY.  I  believe  that  is  true. 

Mr.  Lewis.  Was  that  your  responsibility? 

Mr.  DuBAY.  In  terms  of  the  actual  system  and  equipment  at  that 
level,  no,  sir.  We  were  not  a  part  of  that  complement  of  people  on 
the  pad  at  that  time.  That  was  an  unforeseen  weather  situation 
which  simply  got  by  everyone. 

Mr.  Lewis.  Are  you  an  incentive  fee  contractor? 

Mr.  DuBAY.  It  is  a  combination,  award  and  incentive  fee;  yes,  sir. 

Mr.  Lewis.  The  gentleman  from  Pennsylvania  had  asked  you— 
have  there  been  any  delays  where  you  would  have  and  the  SPC 
have  to  work  overtime? 

Mr.  DuBAY.  Not  to  my  knowledge,  no,  sir. 

Mr.  Lewis.  If  there  would  be,  how  would  you  work  those  out? 

Mr.  DuBAY.  It  would  be  like  any  other  delay  in  the  countdown 
sequence.  Everybody  responds  to  it  regardless  of  the  source  of  the 
responsibility  or  the  nature  of  the  breakdown.  It  is  a  critical  point 
beyond  which  the  system  cannot  proceed  and  everybody  is  impact- 
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ed  in  accordance  with  their  involvement.  We  simply — it  would 
cause  cost  impact  and  time  delay  to  everyone  involved.  Every  con- 
tractor would  suffer. 

Mr.  Lewis.  Are  you  satisfied  that  EG&G  has  a  cozy  family  oper- 
ation and  the  SPC  is  satisfied  and  that  NASA  right  through  the 
line?  Do  you  have  a  close-knit  family  operation  that  we  can  launch 
vehicles  and 

Mr.  DuBAY.  From  our  viewpoint,  we  believe  we  have  made  great 
progress  in  solidifying  and  identifying  all  of  the  interfaces  that 
have  to  be  critically  defined  and  agreed  to.  The  operating  relation- 
ship between  us  and  the  SPC,  as  a  matter  of  fact,  has  been  very, 
very  close,  very  productive  and  very  harmonious. 

Mr.  Lewis.  How  about  with  NASA?  Do  you  feel  the  same  way 
about  that? 

Mr.  DuBAY.  Yes,  sir;  the  same  way. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman.  I  have  no  further  ques- 
tions. 

Mr.  Roe.  I  thank  the  gentleman. 

I  think  there  are  no  further  questions.  You  are  getting  off  rather 

easy. 

Mr.  DuBAY.  That  is  probably  an  indication  of  our  remoteness 
from  the  investigation  itself. 

Mr.  Roe.  But  it  is  part  of  the  system  and  interfacing  that  is  im- 
portant to  us  so  we  appreciate  your  being  with  us  this  morning. 

Our  next  witness  is  Mr.  George  R.  Faenza,  vice  president  and 
general  manager,  McDonnell  Douglas  Astronautics  Co. 

We  want  to  welcome  Mr.  Faenza.  We  have  your  testimony,  but  I 
think  you  might  want  to  present  it  because  in  looking  it  over,  I 
think  there  are  good  points  you  are  making. 

STATEMENT  OF  GEORGE  R.  FAENZA,  VICE  PRESIDENT  AND 
GENERAL  MANAGER,  McDONNELL  DOUGLAS  ASTRONAUTICS  CO. 

Mr.  Faenza.  Thank  you,  Mr.  Chairman  and  committee  members. 

I  will  summarize  and  there  are  points  I  would  like  to  make. 

I  am  George  Faenza,  the  vice  president  and  general  manager  of 
the  McDonnell  Douglas  Astronautics  Co.,  Kennedy  Space  Center 
Division. 

When  we  started  as  we  interfaced  with  the  shuttle  that  was  in 
1977  when  we  were  selected  to  be  NASA's  contractor  for  space  lab 
integration  and  operations  and  maintenance.  We  have  an  interface 
as  an  entity  relative  to  the  space  lab  hardware  with  the  SPC  as 
well  as  with  the  BOC,  Mr.  Dubay  and  his  organization  support  us 
and  we  in  turn  support  the  SPC. 

I  will  comment  later  on  that. 

We  are  responsible  for  some  mission  flight  activities  and  we  do 
have  the  total  responsibility  for  deintegration  once  the  orbiter 
comes  back  to  the  OPF. 

We  became  further  involved  with  the  shuttle  operations  when  we 
were  selected  to  be  NASA-KSC's  contractor  for  a  contract  called 
the  interim  cargo  operations  activity. 

This  is  where  we  host  the  commercial.  Government  and  other 
users  of  the  shuttle. 
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Specifically,  we  are  required  to  process  the  STS  customer's  hard- 
ware through  the  payload  facilities  which  are  separate  and  distinct 
from  the  shuttle  payload  facilities  except  for  the  payload  facility 
change-out  room,  which  is  on  the  launch  pad. 

We  verify  that  their  interface  will  be  compatible  with  each  other 
especially  when  multiple  elements  are  manifested  as  one  cargo  and 
with  the  shuttle  when  the  payload  is  integrated  with  the  orbiter. 

I  make  a  comment  on  skill  mix.  I  think  it  is  of  interest  to  the 
committee. 

We  include  all  of  the  engineering,  logistics,  material,  assembly 
and  test,  safety,  reliability,  quality  assurance,  technical  operations, 
planning  and  scheduling,  and  obviously  the  attendant  management 
to  do  this  job. 

We  are  responsible  for  all  payload  off-line — I  wanted  to  express  a 
point  here  again  stating  off-line  as  opposed  to  the  on-line  oper- 
ations for  shuttle.  We  have  facilities  there  so  designated  for  pay- 
load  operations,  including  the  handling  and  testing  of  payload  ele- 
ments as  they  are  prepared  for  integration  with  each  other  and 
with  the  orbiter. 

Specifically,  we  prepare  procedures  and  software  and  accomplish 
testing  to  satisfy  the  STS  customer  requirements  and  verify  that 
their  systems  are  working  as  designed  prior  to  integration  with  the 
orbiter. 

This  requires  that  our  personnel  work  closely  with  NASA  and 
the  customer  throughout  the  mission  flow  to  ensure  that  all  cus- 
tomer needs  are  accommodated. 

Of  particular  importance  is  our  capability  to  prepare  payloads 
for  flight  without  impacting  the  on-line  shuttle  operations. 

Through  the  utilization  of  the  cargo  integration  test  equipment 
located  in  the  vertical  processing  facility  and  the  operations  and 
check-out  building,  we  can  assure  that  the  payload  and  orbiter 
interfaces  will  meet  according  to  specification. 

We  are  able  to  test  this  interface  early  in  the  flow  in  the  off-line 
facility  while  the  orbiter  is  being  readied  for  flight.  This  capability 
has  allowed  us  to  work  with  NASA  at  KSC,  the  customer,  the  shut- 
tle processing  contractor,  and  the  other  centers  involved  for  resolv- 
ing any  problems  encountered  without  impact  to  shuttle  oper- 
ations. 

For  mission  51-L,  we  processed  the  TDRS-B  through  the  vertical 
processing  facility  and  we  supported  NASA-KSC  as  they  prepared 
Spartan  Halley  in  the  operations  and  check-out  building.  We  then 
transported  Spartan  Halley  to  the  orbiter  processing  facility  where 
we  supported  NASA  and  the  shuttle  processing  contractor  during 
the  installation  and  integration  of  the  payload  into  the  orbiter. 

Simultaneous  with  the  Spartan  Halley  activities  we  were  verify- 
ing TDRS-B  interfaces  and  systems  at  the  vertical  processing  facili- 
ty in  preparation  for  TDRS-B  transport  to  the  launch  pad.  The 
TDRS-B  was  transported  to  the  pad  and  inserted  into  the  payload 
change-out  room  in  preparation  for  installation  in  the  orbiter. 
After  orbiter  arrival,  the  TDRS-B  was  inserted  into  the  orbiter  by 
the  shuttle  processing  contractor  with  our  support  and  we  then 
supported  the  integrated  testing  of  the  total  payload  complement 
conducted  by  NASA  and  the  shuttle  processing  contractor.  Our 
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payload  test  team  members,  both  MDAC  and  NASA,  were  in  sup- 
port of  the  51-L  countdown  and  launch. 

To  summarize  that,  Mr.  Chairman,  there  are  several  payload 
contractor  interfaces  with  the  shuttle  processing  contractor.  At  the 
beginning  of  a  mission  we  provide  support  to  the  shuttle  processing 
contractor's  planning  and  scheduling  meetings  to  ensure  timely  re- 
sponse to  their  schedule  milestones  and  we  continue  this  involve- 
ment throughout  the  mission  flow. 

Our  major  interface  with  shuttle  occurs  when  we  support  the 
shuttle  processing  contractor  during  installation  of  the  payload 
into  the  orbiter,  either  at  the  orbiter  processing  facility  or  at  the 
launch  pad.  This  interface  includes  complete  support  to  the  shuttle 
processing  contractor  for  installation  and  throughout  integrated 
testing,  culminating  with  countdown  to  launch. 

As  the  payload  contractor  for  NASA-KSC  for  the  spacelab  and 
interim  cargo  operations  contracts,  I  believe  the  concept  we  are 
working  to  is  a  good  one  and  it  is  working  well  from  the  payload 
contractor  viewpoint. 

The  roles  and  responsibilities  are  defined  and  understood.  As  a 
complement  to  the  NASA  shuttle  and  cargo  management  agree- 
ments relating  to  their  roles  and  responsibilities,  the  shuttle  proc- 
essing contractor  and  I  have  a  signed  memorandum  of  understand- 
ing and  agreement  which  we  operate  on. 

This  memorandum  of  understanding  and  agreement  is  also 
agreed  to  and  signed  by  our  respective  NASA  directors.  We  are 
performing  within  this  understanding  and  to  date  it  has  proven  to 
be  very  successful. 

Our  experience  base  is  established  through  the  safe  and  success- 
ful operations  for  51  major  payloads  since  the  flight  of  STS-2.  The 
concept  of  off-line  and  on-line  facilities  and  operations  managed 
and  operated  by  a  Government/contractor  team  which  has  respon- 
sibility for  performance  and  is  knowledgeable  and  experienced  in 
this  type  of  work  has  provided  the  checks  and  balances  needed  to 
ensure  safe  and  effective  processing. 

At  this  time,  Mr.  Chairman,  if  you  so  like,  I  would  be  happy  to 
answer  any  questions. 

[The  prepared  statement  of  Mr.  Faenza  follows:] 
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Kennedy  Space  Center  Division 
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16  July  1986 


Hr.  ChclriMn,  Conmlctea  Hembers 


I  WB  Ceorg*  Faenza.   the  Vice  President  and  General  Manager  of  the  McDonnell 
Douglas  Astronautics  Company  -  Kennedy  Space  Center  Division.f/y 

I  am  pleased  to  be  here  to  present  testimony  related  to  the  role  of  the  payload 
processor  at  the  Kennedy  Space  Center  in  support  of  shuttle  operations. 

By  way  of  setting  the  stage  for  the  comnittee,  I  would  like  to  establish  some 
data  points.  The  role  of  this  division  at  Kennedy  Space  Center  within  the 
corporation  is  to  provide  Payload  Ground  Operations  support  to  KASA  and  the 
Department  of  Defense  in  support  of  the  Shuttle  program.  McDonnell  Douglas 
Astronautics  Company  first  became  involved  in  the  payload  side  of  the  Shuttle  at 
KSC  in  March  1977.  This  is  when  we  were  selected  to  be  NASA  KSC's  operations 
and  maintenance  contractor  for  the  European  Spacelab  hardware,  software  and 
ground  support  equipment.  This  contract  requires  that  we  perform  all  hands-on 
processing  tasks  for  Spacelab  as  we  prepare  the  system  for  flight.  We  perform 
our  work  tasks  from  receipt  of  Spacelab  equipment  hardware  through  Spacelab -to - 
Orbitar  integration,  through  countdown,  flight  operations  and  landing. 

We  are  responsible  to  perform  some  mission  support  during  flight  operations  as 
well  as  all  deintegration  tasks  for  Spacelab  after  the  shuttle  land*  and  returns 
to  the  Orblter  Processing  Facility.  The  majority  of  our  work  for  this  contract 
is  performed  in  the  Operations  and  Checkout  building.  This  building  houses  two 
Spacelab  test  stands,  a  high  fidelity  electrical  and  mechanical  Orbiter  simula- 
tor identified  as  Cargo  Integration  Test  Equipment  which  we  operate  and  a  Level 
IV  integration  area  managed  and  operated  by  NASA. 

NOTE;  This  building  is  where  the  Spartan  Hslley  payload  was  processed  by  NASA 
prior  to  insertion  into  the  Orbiter  for  51-L. 
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We  bBcanie  furcher  Involved  wlch  the  Shuttle  operations  whan  we  were  selected  to 
be  NASA  KSC's  Interim  Cargo  Operations  contractor  in  April  1979.  This  contract 
requires  that  we  perform  In  a  host  role  to  the  cosimercial,  governnent,  end  ether 
users  of  Shuttle.  Specifically  we  are  required  to  process  the  STS  customer's 
hardware  through  the  payload  facilities^ — ^verify  that  their  Interfaces  will  be 
coapacible  with  each  other  (when  multiple  elements  are  manifested  as  one  cargo) 
and  with  the  Shuttle  when  the  payload  is  integrated  with  the  Orbiter.-^^^The 
majority  of  our  worV  for  this  contract  is  performed  in  the  Vertical  Processing 
Facility.  This  facility  has  two  vertical  test  cells  which  are  essentially  twin 
Cargo  Integration  Test  Equipment  stands  which  we  operate  for  processing 
payloads . 

A  third  element  I  manage  is  our  Shuttle  Payload  Operations  Contract  in  support 
of  the  Department  of  Defense.  Our  efforts  on  this  contract  are  similar  to  those 
we  perform  on  the  NASA  Interim  Cargo  Operations  contract. 

To  perform  the  work  described  a  staff  of  approximately  1000  was  on  our  payroll 
prior  to  the  Shuttle  accident.  Today  we  are  staffed  at  approximately  875  with  a 
little  over  700  being  dedicated  to  our  NASA  Spacelab  and  Interim  Cargo  Opera- 
tions contracts. 

Our  skill  mix  for  this  effort  Includes  engineering,  logistics,  material,  assem- 
bly and  test,  safety,  reliability,  quality  assurance,  technical  operations, 
planning  and  scheduling,  and  the  attendant  management. 

Our  responsibilities  as  related  to  integrating  payload  processing  into  Shuttle 
operations,  in  particular  for  a  mission  similar  to  51-L,  are  as  follows: 

We  operate  and  maintain  the  Vertical  Processing  Facility  which  is  where  the 
Tracking  and  Data  Relay  Satelllte-B  (TDRS-B)  was  integrated  and  tested  prior  to 
installation  into  the  Orbiter. 
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We  «re  responsible  for  all  paylo»d  off-line  (this  meaning  off-line  to  shuttle 
operations)   activities,   including  handling  and  testing  of  payload  elements   as 

they  are  prepared  for  Integration  with  each  other  and  with  the   Orbiter.    Spe- 

' — — ^ 

cifically,  we  prepare  procedures  and  software  and  accomplish  testing  to  satisfy 
the  STS  customer  requirements  and  verify  that  their  systems  are  working  as 
designed  prior  to  integration  with  the  Orbiter.  This  requires  that  our  person- 
nel work  closely  with  NASA  and  the  customer  throughout  the  mission  flow  to 
ensure  that  all  customer  needs  are  accommodated.  Of  particular  importance  is 
our  capability  to  prepare  payloads  for  flight  without  Impacting  the  on-line 
Shuttle  operations.  Through  the  utilization  of  the  Cargo  Integration  Test 
Equipment  located  in  the  Vertical  Processing  Facility  and  the  Operations  and 
Checkout  Building,  we  can  assure  that  the  payload  and  Orbiter  Interfaces  will 
meet  according  to  specification.  We  are  able  to  test  this  interface  early  in 
the  flow  in  the  off-line  facility  while  the  Orbiter  is  being  readied  for  flight. 
This  capability  has  allowed  us  to  work  with  NASA  at  KSC,  the  customer,  the 
Shuttle  Processing  Contractor,  and  the  other  centers  involved  for  resolving  any 
problems  encountered  without  impact  to  Shuttle  Operations. 

For  Mission  51-L  we  processed  the  TDRS-B  through  the  Vertical  Processing  Facili- 
ty and  we  supported  NASA  KSC  as  they  prepared  Spartan  Halley  in  the  Operations 
and  Checkout  building.  We  then  transported  Spartan  Halley  to  the  Orbiter  Pro- 
cessing Facility  where  we  supported  NASA  and  the  Shuttle  Processing  Contractor 
during  the  installation  and  integration  of  the  payload  into  the  Orbiter.  Simul- 
taneous with  the  Spartan  Halley  activities  we  were  verifying  TDRS-B  interfaces 
and  systems  at  the  Vertical  Processing  Facility  in  preparation  for  TDRS-B  tr?.-.^- 
port  to  the  launch  pad.  The  TDRS-B  was  transported  to  the  pad  and  inserted  into 
the  Payload  changeout  room  in  preparation  for  Installation  in  the  Orbiter. 
After  Orbiter  arrival  the  TDRS-B  was  inserted  into  the  Orbiter  by  the  Shuttle 
Processing  Contractor  with  our  support  and  we  then  supported  the   Integrated 
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testing  of  the  total  payload  complanent  conducted  by  NASA  and  th«  Shuttle  Pro- 
cessing Contractor.  Our  payload  test  team  membars,  both  MDAC  and  NASA,  were  in 
support  of  the  51 -L  countdown  and  launch. /Sy 

A  sunuaary  of  Che  payload  processing  activities  as  they  relate  Co  shuttle  opera- 
tions is  as  follows : 

There  are  several  payload  contractor  interfaces  with  the  Shuttle  Processing 


Contractor.  Ac  the  beginning  of  a  mission  we  provide  support  to  the  Shuttle 
Processing  Contractor's  planning  and  scheduling  meetings  to  ensure  timely  re- 
sponse to  their  schedule  milestones  and  we  continue  this  involvement  throughout 
the  mission  flow.  Our  major  interface  with  Shuttle  occurs  when  we  support  the 
Shuttle  Processing  Contractor  during  installation  of  the  payload  into  the 
Orbiter,  either  at  the  Orbiter  Processing  Facility  or  at  the  launch  pad.  This 
interface  includes  complete  support  to  the  Shuttle  Processing  Contractor  for 
installation  and  throughout  integrated  testing,  culminating  with  countdown  to 
launch , 

As  the  payload  contractor  for  NASA  KSC  for  the  Space lab  and  Interim  Cargo 
Operations  contracts  1  believe  the  concept  we  are  working  to  is  a  good  one  and 
it  is  working  well  from  the  payload  contractor  viewpoint.  The  roles  and  respon- 
sibilities are  defined  and  understood.  As  a  complement  to  the  NASA  Shuttle  and 
Cargo  Management  agreements  relating  to  their  roles  and  responsibilities,  the 
Shuttle  Processing  Contractor  and  I  have  a  signed  Memorandum  of  Understanding 
and  Agreement  which  we  operate  to.  This  Memorandum  of  Understanding  and  Agree- 
ment Is  also  agreed  to  and  signed  by  our  respective  NASA  directors.  We  are 
performing  within  this  understanding  and  to  date  It  has  proven  to  be  very 
successful. 
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Our  experience  bate  1b  •icabllehed  through  the  «*fe  &nd  •ucce««ful  operations 
for  51  major  peyloeds  since  the  flight  of  STS-2.  The  concept  of  off-line  and 
on-line  facilities  and  operations  managed  and  operated  by  a  Covernisent/ 
Contractor  team  vhich  has  responsibility  for  performance  and  la  knowledgeable 
and  experienced  in  this  type  of  work  has  provided  the  checlca  and  balances  needed 
to  ensure  safe  and  effective  proceBsln^^^__^_^ 


172 


McDonnell  Douglas  Astronautics 

Contract  #  NAS  8-32350,  KSC-1 

Date  Awarded:   3/10/77 

Period  of  Performance  thru:   9/30/86 


Contract  Type: 

CP'AF 

(Cost  Plus  Award  Fee) 

Contract  Value: 

FY83 

:  $19.6 

million 

FY84, 

.   27.1 

II 

FY85 

:   41.5 

II 

FY86: 

28.5 

II 

Current  Staffing:  Approximately  355 
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Mr.  Roe.  Thank  you. 

Just  for  clarity,  in  your  testimony  you  refer  to  the  numerical 
numbers  of  people. 

Mr.  Faenza.  Yes,  sir. 

Mr.  Roe.  875;  right? 

Mr.  Faenza.  Yes,  875  on  my  payroll  today. 

Mr.  Roe.  NASA  has  reported  to  the  committee  that  you  only 
have  355  staff  at  present.  Is  that  correct? 

Mr.  Faenza.  I  believe  that  is  in  error. 

Mr.  Roe.  That  is  in  error? 

Mr.  Faenza.  Yes,  sir.  This  figure  I  am  giving  here  is — the  700 
that  I  point  to  specifically,  approximately  700  is  what  I  have  in 
support  of  NASA  programs. 

Mr.  Roe.  That  is  for  clarity. 

The  other  point  I  was  making,  a  point  that  you  made  at  the  tail 
end,  which  was  an  important  one,  you  have  had  successful  from 
your  responsibilities  point  of  view  51  major  pay  loads  since  the 
flight  of  the  STS-2,  so  you  have  had  a  pretty  good  record  as  far  as 
we  understand. 

Mr.  Faenza.  Yes,  sir. 

Mr.  Roe.  The  gentleman  from  Pennsylvania. 

Mr.  Walker.  Thank  you,  Mr.  Chairman. 

Did  you  have  transitional  problems  when  the  SPC  contract 
moved  from  one  contractor  to  another? 

Mr.  Faenza.  We  had  some  transition  problems  in  that  we  had  al- 
ready established  a  MOU  with  Rockwell  and  we  had  to  reestablish 
it  with  Lockheed,  but  we  worked  that  and  we  ended  up  signing 
that  agreement  with  Dave  Owen  and  myself  and  the  other  folks, 
but  that  was  the  major  understanding  of  transition  responsibility 
and  signature. 

Mr.  Walker.  There  have  been  no  problems  in  terms  of  the  work 
patterns  or  the — providing  appropriate  quality  assurance,  all  of 
those  kinds  of  things?  The  interface  integration  was  fairly  easily 
taken  care  of  once  you  got  your  memorandums 

Mr.  Faenza.  For  a  job  of  this  size,  with  that  major  transition,  I 
must  say  it  was  very  smooth.  We  had  minor  situations,  but  that 
was  it. 

Mr.  Walker.  If  you  had  to  point  to  the  major  interface  problem 
that  you  have  in  working  with  a  vehicle,  what  would  it  be? 

Mr.  Faenza.  In  working  with  the  orbiter? 

Mr.  Walker.  Yes. 

Mr.  Faenza.  The  way  we  transition,  my  organization  has  total 
responsibility  of  payload  with  the  NASA  payload  management 
group,  until  we  bring  the  payload  to  the  OFF  or  to  the  PCR  where 
we  then  transfer  while  the  payload  is  on  the  hook. 

For  example,  out  of  the  canister,  we  hook  it  up  and  transfer  and 
support  them.  As  related  to  interface  problems  at  that  time  based 
on  where  we  are  in  the  maturity  of  the  SPC,  that  is  the  only  place 
we  could  have  anything.  If  there  was  any  other  conflict,  it  would  be 
generally  in  how  we  get  our  requirements  established,  but  once 
they  are  established,  then  we  all  work  to  them  and  that  comes 
through  scheduling  meetings  and  communications  at  the  start 
when  a  mission  is  identified. 
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Mr.  Walker.  It  is  fascinating  as  the  chairman  has  just  pointed 
out  that  NASA  has  a  figure  of  355  employees,  whereas  you  have  a 
figure  of  875  employees.  Do  you  have  any  idea  where  the  355  figure 
might  come  from? 

Mr.  Faenza.  No,  sir,  I  do  not,  and  I  am  surprised  at  that. 

Mr.  Walker.  A  discrepancy  of  500  employees  is  somewhat  mean- 
ingful. 

Mr.  Faenza.  Let  me  make  sure  I  clarify  a  point  here.  The  875  is 
my  total  staff  at  Kennedy  and  I  do  work  for  the  DOD  and  I  do 
other  work  for  NASA  on  space  stations  and  other  things  going  on. 
Specifically,  the  700  that  I  am  working  to  are  those  that  are  for 
space  lab  contracts.  Where  the  discrepancy  comes  from,  I  have  no 
idea. 

Mr.  Walker.  We  will  have  to  ask  NASA. 

Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman. 

Let  me  clarify  for  the  record. 

In  your  discussion  and  your  response  to  Mr.  Walker,  do  you  over- 
see the  installation  of  the  payload  into  the  orbiter  or  do  you  just 
bring  it  to  the  orbiter? 

Mr.  Faenza.  No.  We  work  hand  in  hand  with  our  SPC  counter- 
parts. They  oversee  it,  but  our  requirements  are  in  their  proce- 
dures, and  our  people  are  there  to  assist  them  if  there  are  ques- 
tions. 

Mr.  Roe.  Where  does  the  jurisdiction  end  and  start? 

Mr.  Faenza.  The  jurisdiction  is  really  a  transfer,  when  we  are  on 
the  hook. 

Mr.  Roe.  Just  one  more  point.  How  about  the  overtime  situation? 
Have  you  been  responsible  for  any  of  Lockheed's  overtime  prob- 
lems that  you  are  aware  of? 

Mr.  Faenza.  Not  directly.  It  is  not  a  payload  processing  contrac- 
tor problem.  We  have  had  pay  loads  that  have  caused  some  question 
and  concern,  but  nothing  that  drove  any  Lockheed  concerns  or 
overtime. 

Mr.  Roe.  The  gentleman  from  Florida. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

Just  to  follow  upon  the  chairman's  question,  there  have  been  no 
late  manifest  changes  that  would  require  you  to  work  overtime? 

Mr.  Faenza.  For  us  to  work  overtime,  oh,  yes.  We  have  had  to 
support  Rockwell  just  like — I  mean  Lockheed.  When  we  get  into 
one  of  these,  it  dominos  through  all  of  us.  So  if  there  is  a  late  mani- 
fest or  change  out,  we  would  support  that  and  have  to  work  over- 
time. 

Mr.  Lewis.  Have  there  been  any  what  you  could  consider  serious 
manifest  changes  to  cause  a  change  in  the  mission? 

Mr.  Faenza.  Several  missions  ago,  and  I  don't  recall  the  one 
where  we  actually  changed  the  complement  of  the  payload,  but 
that  was  one  where  we  all  worked  on  it,  changed  out  the  payloads 
because  one  of  the  elements,  a  payload  element  malfunctioned  and 
that  was  the  only  one. 

Mr.  Lewis.  Do  you  have  a  threshold  where  the  SPC  says  that  12 
hours  is  the  maximum? 

Mr.  Faenza.  We  have  a  standard  practice  that  we  work  no  em- 
ployees over  12  hours. 
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Mr.  Lewis.  I  see. 

Have  you  ever  been  to  a  point  where  your  overtime  where  you 
had  to  say,  "Stop,  we  are  going  to  back  off  and  let  our  workers 
rest?" 

Mr.  Faenza.  In  our  offline  facilities — we  have  never  been  there 
on  the  online  facilities,  but  in  our  offline  facilities,  for  example,  if 
we  were  running  through  an  integrated  test  of  the  total  comple- 
ment, we  would  find  a  breakpoint  and  when  we  get  into  that  point, 
we  work  with  NASA  and  we  decide  to  cut  the  testing  down  and  re- 
convene in  the  morning. 

Mr.  Lewis.  Have  you  ever  been  a  part  of  the  manifest  change  be- 
cause of  a  schedule  slip? 

Mr.  Faenza.  No,  sir. 

Mr.  Lewis.  Who  is  responsible  for  certifying  that  the  payload  has 
met  all  of  the  safety  and  quality  assurance  requirements? 

Mr.  Faenza.  That  is  a  long  question.  It  starts  with  the  phased 
safety  reviews  that  they  run  out  of  JSC.  When  a  payload  is  mani- 
fested, it  starts  with  a  three-phase  system  that  the  payload  owner 
has  to  satisfy  the  JSC  folks  that  he  is  ready  to  fly  and  we  in  turn 
once  we  get  the  bird  at  our  place,  we  have  our  safety  consider- 
ations and  requirements  that  we  work  to  along  with  NASA  safety. 

As  we  come  up  on  line  and  go  through  our  reviews,  we  as  an  in- 
tegrated team  between  myself  and  NASA  and  NASA  safety  and 
NASA  qual.  and  my  safety  and  NASA  qual.  handle  all  the  qualifi- 
cations for  our  piece  of  the  work.  So  we  are  responsible  for  that 
piece  as  it  relates  to  processing. 

Mr.  Lewis.  I  see. 

In  your  memo,  memorandum,  in  your  testimony,  you  are  stating 
that  you  have  a  memorandum  of  understanding. 

Mr.  Faenza.  Yes,  sir. 

Mr.  Lewis.  An  agreement  with  the  shuttle  processing  contractor. 
Do  you  have  a  similar  one  with  the  base  operations  contractor, 
EG&E? 

Mr.  Faenza.  No,  sir,  because  we  don't  have  a  real  direct  require- 
ment for  a  focused  interface.  When  I  work  with  EG&G,  we  essen- 
tially do  it  by  the  scheduling  media.  There  is  a  support  schedule 
that  comes  out  where  we  attend  it  and  then  call  up  his  support. 

For  example,  if  we  need  some  air-conditioning  or  something,  then 
we  schedule  up  in  that  regime.  It  just  doesn't  have  the  same  need 
for  that  kind  of  agreement. 

Mr.  Lewis.  When  does  your  responsibility  end  when  the  payload 
is  turned  over  to  the  SPC? 

Mr.  Faenza.  Well,  we  stay  with  the  responsibility  for  the  pay- 
load  as  a  payload  all  the  way  through  the  launch.  We  support  the 
SPC  during  the  countdown.  We  do  not  have  the  responsibility  of 
the  integrated  envelope,  though,  so  if  there  is  something  happening 
with  a  payload,  I  am  usually  there  during  a  launch  as  well  as  part 
of  the  management  team,  plus  my  launch  team  members  are  at 
their  consoles  supporting  the  NASA  and  the  SPC  test  conductor 
and  test  director. 

So  we  always  keep  a  string  on  the  responsibility  of  the  payload 
along  with  our  customer,  because  generally  any  of  the  customers 
that  are  flying  are  there  with  us  so  we  have  the  commercial  cus- 
tomer or  the  science  customer  and  whoever  else  might  be  flying. 
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Mr.  Lewis.  I  thank  the  gentleman. 

Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman  from  Florida. 

We  have  no  further  questions.  We  thank  you  for  your  testimony. 

The  committee  stands  adjourned  until  next  Wednesday  at  2 
o'clock. 

[Whereupon,  at  12:50  p.m.,  the  committee  adjourned,  to  recon- 
vene at  2  p.m.,  Wednesday,  July  23,  1986.] 
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House  of  Representatives, 
Committee  on  Science  and  Technology, 

Washington,  DC. 

The  committee  met,  pursuant  to  call,  at  2:30  p.m.,  in  room  2318, 
Rayburn  House  Office  Building,  Hon.  Robert  Roe  (acting  chairman 
of  the  committee),  presiding. 

Mr.  Roe.  The  committee  will  come  to  order. 

We  want  to  welcome  our  distinguished  witnesses  and  apologize 
for  the  delay  we  have  encountered.  We  just  had  a  matter  on  the 
floor  we  had  to  deal  with. 

This  afternoon  we  begin  2  additional  days  of  inquiry  from  our 
former  and  current  distinguished  NASA  officials  who  had  policy  or 
management  responsibility  for  the  Space  Shuttle  Program. 

With  these  hearings,  the  Committee  on  Science  and  Technology 
commences  its  5th  week  in  the  investigation  of  the  space  shuttle 
Challenger  explosion  and  the  evaluation  of  the  Rogers'  Commission 
findings  on  the  accident. 

As  we  hear  from  and  question  officials  who  have,  or  have  had, 
responsibility  for  the  Shuttle  Program  from  its  design  and  develop- 
ment stages  to  the  present  demonstration  stage  of  shuttle  oper- 
ation, we  will  be  particularly  attentive  to  the  evolution  both  of 
change  in  philosophy  or  function. 

Change  can  occur  even  without  a  modification  of  policy,  just 
through  the  varied  interpretation  and  implementation  of  policy 
over  time  and  under  different  leadership.  This  kind  of  change  is 
often  so  gradual  and  incremental  that  it  is  undetected  by  the  par- 
ticipants in  the  process,  and  unrecognized  by  the  overseers  of  a  pro- 
gram. 

In  NASA's  almost  three  decades  of  operation,  it  has  had  many 
fine  administrators  and  program  managers,  some  of  whom  will  be 
with  us  during  these  2  days. 

This  afternoon,  we  will  hear  from  Alan  Lovelace,  vice  president 
and  general  manager  of  General  Dynamics  Space  Systems  Division. 
Dr.  Lovelace  held  several  positions  at  NASA  including  Associate 
Administrator,  Deputy  Administrator,  and  then  Acting  Adminis- 
trator during  his  9  years  from  1972  to  1981. 

Also  with  us  is  John  Yardley,  president  of  the  McDonnell  Doug- 
las Astronautics  Co.  Mr.  Yardley  was  NASA's  Association  Adminis- 
trator for  Space  Transportation  Systems  from  1974-1981. 

Does  the  gentleman  from  California  have  an  opening  statement? 

(177) 
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Mr.  Packard.  I  don't  have  an  opening  statement,  Mr.  Chairman. 
I  simply  want  to  say  we  are  grinding  down  to  a  conclusion  of  these 
long  and  rather  arduous  and  difficult  hearings,  very  important, 
however,  because  of  the  significance  of  the  future  of  the  Space  Pro- 
gram. 

I  am  looking  forward  to  the  testimony  and  appreciate  your 
coming  here  today. 

Thank  you,  Mr.  Chairman. 

Mr.  Roe.  We  have  been  through  three  phases.  One  is  actually 
what  happened  from  a  technological  point  of  view.  The  second 
point  we  want  to  explore  with  you  further  is  the  management  issue 
and  communications  issue  and  then  any  thought  processes  you  may 
have  looking  down  the  road  from  your  vast  experience,  what  do 
you  see,  directions  and  dimensions  you  see  the  Space  Program 
should  follow. 

Having  said  that,  I  now  would  call  on  our  distinguished  first  wit- 
ness. Dr.  Lovelace. 

STATEMENT  OF  DR.  ALAN  M.  LOVELACE,  VICE  PRESIDENT  AND 
GENERAL  MANAGER,  SPACE  SYSTEMS  DIVISION,  GENERAL  DY- 
NAMICS CORP. 

Dr.  Lovelace.  Thank  you,  Mr.  Chairman. 

I  would,  with  your  permission,  like  to  cover  a  portion  of  my 
statement  and  submit  the  whole  statement  for  the  record. 

Mr.  Roe.  No  objection.  So  ordered. 

Dr.  Lovelace.  I  appreciate  the  invitation  extended  to  appear 
before  the  committee  today  and  I  know  I  share  your  deep  sense  of 
regret  concerning  the  tragic  loss  of  the  Challenger  which  has  led  to 
these  hearings.  However,  I  firmly  believe  that  the  loss  of  these 
young  people  will  have  meaning  only  to  the  extent  that  those  of  us 
involved  in  the  Space  Program,  Congressmen,  Government  offi- 
cials, and  businessmen  alike,  join  together  and  make  a  real  com- 
mitment to  re-invigorate  the  U.S.  space  effort. 

It  is  this  renewed  commitment  that  I  wish  to  underscore  today, 
Mr.  Chairman.  The  loss  of  the  Challenger  has  forced  this  Nation  to 
totally  reassess  the  direction  of  and  commitment  to  its  space  effort. 

Much  of  the  reassessment  has  already  been  conducted  by  the 
Presidential  Commission  appointed  to  examine  the  Challenger  acci- 
dent. I  would  like  to  go  on  record  here  that  I  believe  the  Commis- 
sion did  a  remarkable  job  under  severe  time  constraints,  both  in 
getting  to  the  root  of  the  problems  that  led  to  the  accident  and 
making  some  very  appropriate  and  important  recommendations. 

I  have  carefully  reviewed  these  recommendations  and  they  seem 
to  fall  into  two  major  categories,  technical  and  management.  I  cer- 
tainly support  the  technical  recommendations  as  prudent  actions  to 
be  taken  in  the  aftermath  of  this  accident.  Additionally,  the  man- 
agement recommendations  constitute  a  set  of  actions  which  should 
strengthen  procedures  and  processes  and  remove  undue  pressures. 

I  would  like  now  to  address  just  a  couple  of  individual  recom- 
mendations. With  respect  to  recommendation  VIII  on  flight  rate,  I 
know  this  committee  is  well  aware  of  the  dangerous  combination  of 
an  over-ambitious  launch  schedule  and  the  lack  of  an  adequate  al- 
ternative launch  capability. 
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The  committee  has  already  begun  tackling  this  aspect  of  the 
overall  problem  by  conducting  a  series  of  hearings  on  assured 
access  to  space.  At  these  hearings  Congressman  Nelson  challenged 
those  of  us  in  the  aerospace  business  to  get  out  our  sharp  pencils 
and  thoroughly  examine  the  potential  of  a  viable,  expendable 
launch  vehicle  industry. 

In  continued  hearings,  Congressman  Nelson  reiterated  this  chal- 
lenge and  stated  that  America  needs  a  new,  vigorous,  expendable 
launch  workhorse. 

Congressman  Walker  emphatically  stated  the  country  needs  to 
aggressively  pursue  a  course  of  action  that  will  permit  the  re-estab- 
lishment of  a  robust  ELV  industry.  I  agree  with  both  the  Presiden- 
tial Commission's  recommendations  and  the  sense  of  this  commit- 
tee that  such  an  approach  is  absolutely  necessary. 

The  Commission's  recommendations  relative  to  the  shuttle  safety 
panel  reporting  to  the  STS  Program  manager,  as  well  as  their  rec- 
ommendation concerning  the  Office  of  Safety,  Reliability  and  Qual- 
ity Assurance  reporting  directly  to  the  NASA  administrator  seem 
to  re-establish  the  importance  and  awareness  of  safety,  both  in  the 
Shuttle  Program  as  well  as  in  all  NASA  undertakings. 

I  believe  Dr.  Fletcher  has  already  moved  to  establish  the  latter 
office. 

Finally,  I  would  concur  in  the  sense  of  the  Commission's  recom- 
mendations concerning  the  essentiality  of  the  program  manager's 
authority  and  the  perennial  need  to  improve  communications. 

With  that,  Mr.  Chairman,  I  would  conclude  my  remarks  and  be 
prepared  to  answer  any  questions  that  you  might  have. 

['The  prepared  statement  of  Dr.  Lovelace  follows:] 
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I  appreciate  the  invitation  extended  to  appear  before  the 
Committee  today.  I  know  I  share  your  deep  sense  of  reqret 
concerning  the  traqic  loss  of  the  CHALLENGER  which  has  led  to  these 
hearings.  However,  I  firmly  believe  that  the  loss  of  those  young 
people  will  have  meaning  only  to  the  extent  that  those  of  us 
involved  in  the  space  program  —  Congressmen,  government  officials, 
and  businessmen  alike  —  join  together  and  make  a  real  commitment 
to  reinvigorate  the  United  States  space  effort. 

It  is  this  renewed  commitment  that  I  wish  to  underscore  today. 
Mr.  Chairman,  the  loss  of  the  CHALLENGER  has  forced  this  nation  to 
totally  reassess  the  direction  of,  and  commitment  to,  its  space 
effort.  Much  of  this  reassessment  has  already  been  conducted  by 
the  Presidential  Commission  appointed  to  examine  the  CHALLENGER 
accident.  I  would  like  to  go  on  record  here  that  I  believe  the 
Commission  did  a  remarkable  job  under  severe  time  constraints,  both 
in  getting  to  the  root  of  the  problems  that  led  to  the  accident, 
and  in  making  some  very  appropriate  and  important  recommendations. 

I  have  carefully  reviewed  these  recommendations.  They  seem  to 
fall  into  two  categories:  technical/programmatic  and  management. 
I  certainly  support  the  technical  recommendations  as  prudent 
actions  to  be  taken  in  the  aftermath  of  this  accident. 
Additionally,  the  management  recommendations  constitute  a  set  of 
actions  which  should  strengthen  procedures  and  processes  and  remove 
undue  pressures. 

I  would  now  like  to  address  some  of  the  individual 
recommendations.  With  respect  to  Recommendation  VIII  on  Flight 
Rate,  I  know  that  this  Committee  is  well  aware  of  the  dangerous 
combination  of  an  over-ambitious  launch  schedule  and  the  lack  of  an 
adequate  alternative  launch  capability.  The  Committee  has  already 
begun  tackling  this  aspect  of  the  overall  problem  by  conducting  a 
series  of  hearinqs  on  assured  access  to  space.  You  may  recall  that 
I  testified  at  those  hearings  on  March  6  of  this  year.   At  those 
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hearings.  Congressman  Nelson  challenged  those  of  us  in  the 
aerospace  business  to  get  out  our  "sharp  pencils"  and  thoroughly 
examine  the  potential  of  a  viable  expendable  launch  vehicle  (ELV) 
industry.  In  continuing  hearings,  Congressman  Nelson  reiterated 
this  challenge,  and  stated  that  America  needs  a  new  vigorous 
expendable  launch  "workhorse."  Congressman  Walker  emphatically 
stated  that  the  country  needs  to  aggressively  pursue  a  course  of 
action  that  will  permit  the  re-establishment  of  a  robust  ELV 
industry.  Mr.  Chairman,  I  fully  agree  with  both  the  Presidential 
Commission's  recommendation,  and  the  sense  of  this  Committee  that 
such  an  approach  is  absolutely  necessary. 

By  all  accounts,  an  eminently  sensible  step  would  be  to 
implement  the  Commission's  recommendation,  as  well  as  the  desires 
of  this  Committee,  to  establish  an  alternative  launch  vehicle 
capability  to  the  shuttle.  Not  only  do  we  need  such  a  capability 
as  a  matter  of  national  security  and  economic  advantage,  we  also 
need  it  as  an  important  element  of  safety  in  our  future  shuttle 
operations.  It  could  provide  a  suitable  transition  to  a  reliable, 
robust,  low  cost,  next-generation  space  transportation  capability. 

The  Commission's  recommendation  relative  to  a  shuttle  safety  panel 
reporting  to  the  STS  Program  Manager,  as  well  as  the  recommendation 
concerning  an  Office  of  Safety,  Reliability  and  Quality  Assurance 
reporting  directly  to  the  NASA  Administrator  seem  to  re-establish 
the  importance  and  awareness  of  safety  both  in  the  Shuttle  program 
as  well  as  in  all  NASA  undertakings.  I  believe  Dr.  Fletcher  has 
already  moved  to  establish  the  latter  office.  Finally,  I  would 
concur  in  the  sense  of  the  Commission's  recommendations  regarding 
the  essentiality  of  the  Program  Manager's  authority  and  the  need  to 
improve  communications. 

I  would  like  to  close  by  recalling  the  remarks  of  a  youthful 
American  President  who  chose  to  commit  us  to  the  challenge  of 
space.   In  accepting  this  challenge.  President  Kennedy  remarked  "If 
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we  are  not  determined  to  lead  in  space,  then  we  cannot  expect  to 
lead  on  earth."  That  concise  statement  just  as  truly  summarizes 
our  situation  today  as  it  did  twenty-five  years  ago.  We  did  not 
shrink  from  the  challenge  then,  and  we  must  not  shrink  today. 
Rather,  we  —  Congressmen,  government  officials,  and  businessmen  — 
must  overcome  the  nagging  doubts  and  indecisiveness  that  currently 
plagues  our  space  effort  and  recapture  the  spirit,  invigoration, 
and  vision  that  accompanied  our  original  commitment  to  accept  the 
challenge  of  space. 
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Mr.  Roe.  I  thank  the  gentleman. 

The  Chair  now  recognizes  Mr.  John  Yardley. 

STATEMENT  OF  JOHN  F.  YARDLEY,  PRESIDENT,  McDONNELL 
DOUGLAS  ASTRONAUTICS  CO. 

Mr.  Yardley.  Good  afternoon,  Mr.  Chairman,  members  of  the 
committee. 

My  name  is  John  Yardley  and  I  am  president  of  the  McDonnell 
Douglas  Astronautics  Co.,  which  is  one  of  the  divisional  companies 
of  the  McDonnell  Douglas  Corp. 

We  have  been  involved  in  the  Manned  Space  Program  beginning 
with  the  Mercury  Program,  the  Gemini  Program,  Skylab  Program, 
Saturn,  Delta,  and  so  on. 

So  my  own  personal  involvement  for  the  last  28  years  has  been 
mostly  space.  In  1974,  I  left  McDonnell  Douglas  to  come  to  NASA 
for  7  years  as  the  Associate  Administrator  for  Manned  Space 
Flight.  That  title  was  changed  to  Space  Flight  and  then  changed  to 
Space  Transportation  Systems. 

Basically,  the  shuttle  was  paper  when  I  got  there  and  it  flew 
before  I  left.  Rather  than  try  to  get  into  detailed  discussions  on  the 
Rogers'  Commission  Report,  I  think  I  will  just  wait  for  the  ques- 
tions. 

In  general,  I  would  like  to  say  that  I  think  the  Rogers'  Commis- 
sion did  a  good  job.  I  agree  with  most  of  their  recommendations, 
but  not  all.  I  think  I  would  like  to  ask  the  chairman  to  put  my 
written  remarks  in  the  record. 

Mr.  Roe.  No  objection.  So  ordered. 

[The  prepared  statement  of  Mr.  Yardley  follows:] 
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STATEMENT  OF 

JOHN  F.  YARDLEY 

PRESIDENT.  MCDONNELL  DOUGLAS  ASTRONAUTICS  COMPANY 

BEFORE  THE  COMMITTEE  ON  SCIENCE  &  TECHNOLOGY 

23  JULY  1986 
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GOOD  AFTERNOON  MR.  CHAIRMAN  AND  MEMBERS  OF  THE  COMMITTEE. 

MY  NAME  IS  JOHN  YARDLEY  AND  I  AM  PRESIDENT  OF  THE  MCDONNELL  DOUGLAS 
ASTRONAUTICS  COMPANY.  A  DIVISION  OF  THE  MCDONNELL  DOUGLAS  CORPORATION. 

AS  YOU  ARE  AWARE.  MR.  CHAIRMAN.  THE  MCDONNELL  DOUGLAS  CORPORATION  HAS  A 
LONG  HERITAGE  IN  SPACE  ACTIVITIES.  MCDONNELL  AIRCRAFT  COMPANY  BUILT  THE 
MERCURY  AND  GEMINI  MANNED  VEHICLES  WHILE  THE  DOUGLAS  COMPANY  HAS  A 
HISTORY  THAT  INCLUDES  THE  DELTA  LAUNCH  VEHICLE  AND  THE  SATURN  SiVB 
STAGE.  IN  1967  THE  TWO  COMPANIES  MERGED  THEIR  RESOURCES  AND  BUILT  THE 
SKYLAB.  THE  FREE  WORLD'S  FIRST  AND  THUS  FAR  ONLY  MANNED  SPACE  STATION. 
ADDITIONALLY.  MCDONNELL  DOUGLAS  HAS  DEVELOPED  THE  PAYLOAD  ASSIST  MODULE 
(PAM).  THE  ONLY  COMMERCIALLY  DEVELOPED  LAUNCH  ASSIST  VEHICLE  IN  THE 
HISTORY  OF  THE  U.S.  SPACE  PROGRAM.  FURTHERMORE.  WE  HAVE  CONTINUED  IN 
TECHNICAL  SUPPORT  OF  NASA  WITH  CONTRACTS  AT  HOUSTON.  TX.  HUNTSVILLE.  AL. 
AND  AT  THE  KENNEDY  SPACE  CENTER. 

MR.  CHAIRMAN.  I  RELATE  THIS  BRIEF  HISTORY  NOT  AS  A  COMMERCIAL  FOR  OUK 
COMPANY.  ALTHOUGH  WE  ARE  PROUD  OF  OUR  HERITAGE.  BUT  AS  A  WAY  OF 
ESTABLISHING  OUR  CREDENTIALS  AS  A  LONG-TERM  SUPPORTER  OF  MANNED  SPACE 
EFFORTS. 

THROUGHOUT  THIS  HISTORY  I  HAD  THE  PRIVILEGE  OF  PARTICIPATING  IN  EACH  OF 
THESE  PROGRAMS.  I  WAS  ACTIVELY  INVOLVED  ON  BOTH  THE  MERCURY  AND  GEMINI 
PROGRAMS.  IN  THE  LATE  1960'S  I  MANAGED  THE  MCDONNELL  DOUGlAS  PROPOSAL 
EFFORTS  ON  THE  SHUTTLE  AND  WAS  INVITED.  IN  197M.  TO  JOIN  NASA  AS 
ASSOCIATE  ADMINISTRATOR  -  MANNED  SPACE  FLIGHT. 
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IN  THAT  POSITION  MY  DUTIES  INCLUDED  ALL  MANNED  SPACE  FLIGHT  INVOLVING 
SHUTTLE.  SKYLAB  AND  THE  APOLLO-SOYUZ  MISSION. 

I  RETURNED  TO  MCDONNELL  DOUGLAS  IN  1981.  SHORTLY  AFTER  THE  FIRST  SHUTTLE 
FLIGHT. 

MR.  CHAIRMAN.  IN  YOUR  LETTER  OF  INVITATION  YOU  REQUESTED  MY  COMMENTS  ON 
THE  FINDINGS  AND  RECOMMENDATIONS  OF  THE  ROGERS'  COMMISSION  REPORT. 

AFTER  A  REVIEW  OF  THE  PUBLISHED  REPORT  OF  THE  PRESIDENTIAL  COMMISSION  ON 
THE  SPACE  SHUTTLE  ACCIDENT.  I  FEEL  THAT  THE  REPORT  IS  BALANCED  AND 
FAIR.  THE  FACT  THAT  THE  COMMISSION  AND  ITS  SUPPORT  TEAM  WAS  ABLE  TO 
QUICKLY  DETERMINE  THE  CAUSE  OF  THE  ACCIDENT  IS  ENCOURAGING  AND  A  CREDIT 
TO  THE  ABILITIES  OF  THE  INVESTIGATION  TEAM. 

AS  WAS  NOTED  IN  THE  REPORT.  NASA  HAS  DELIVERED  TO  THE  PEOPLE  OF  THE 
UNITED  STATES  AND  THE  WORLD  OVER  25  YEARS  OF  TECHNOLOGICAL  EXCELLENCE 
AND  SPELLBINDING  ACCOMPLISHMENTS.  THE  TRAGEDY  OF  JANUARY  AND  THE 
FINDINGS  OF  THE  REPORT  WILL  NOW  ALLOW  FOR  A  PERIOD  OF  INTROSPECTION  AND 
RENEWAL  FOR  NASA  AND  ITS  CONTRACTOR  TEAM.  FROM  THIS  REVIEW.  1  BELIEVE. 
NASA  WILL  EMERGE  AS  A  STRONGER  AND  EVEN  MORE  CAPABLE  AGENCY. 
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IN  THE  NEAR  FUTURE.  AFTER  INCORPORATING  THE  RECOMMENDATIONS  OF  THE 
COMMISSION.  NASA  WILL  RETURN  TO  SPACE  AND  LEAD  THE  WORLD  IN  SPACE 
EXPLORATION  AND  RESEARCH.  IN  A  SERIES  OF  LOGICAL  STEPS.  INCLUDING 
RETURNING  THE  SHUTTLE  FLEET  TO  FLIGHT  STATUS  AND  DEVELOPMENT  OF  A  SPACE 
STATION.  NASA  WILL  MAKE  THE  SOLAR  SYSTEM  ACCESSIBLE  TO  ALL. 

MR.  CHAIRMAN.  IN  PARTICULAR  TODAY  YOU  ASKED  FOR  MY  COMMENTS  ON  THE 
MANAGEMENT  STRUCTURE  DURING  MY  TENURE  AT  NASA.  I  WANT  TO  STATE  FOR  THE 
RECORD  THAT  THE  NASA  STRUCTURE  UNDER  WHICH  I  SERVED  WORKED  VERY  WElL  FOR 
ME.  OBVIOUSLY.  THERE  WERE  SOME  "BUMPS  IN  THE  ROAD"  TO  SMOOTH 
ORGANIZATIONAL  COOPERATION.  HOWEVER.  THESE  "BUMPS"  WERE  NOT 
INSURMOUNTABLE.  I  THINK  WE  HAD  A  DEDICATED  AND  MOTIVATED  TEAM.  PEOPLE 
MAKE  STRUCTURES  WORK  --  STRUCTURES  DO  NOT  MAKE  PEOPLE  WORK  TOGETHER.  IF 
A  TEAM  SPIRIT  PREVAILS  AND  LEADERS  ENCOURAGE  PARTICIPATION.  PLANNING  AND 
PRODUCTIVITY  THE  BEST  IDEAS  WILL  COME  TO  THE  FOREFRONT  AND  AN 
ORGANIZATION  CAN  MAKE  GREATER  ACHIEVEMENTS.  NASA  HAS  DONE  THIS  IN  THE 
PAST  AND  WILL  CONTINUE  TO  DO  SO  IN  THE  FUTURE. 

MR.  CHAIRMAN,  I  LOOK  FORWARD  TO  ANSWERING  ANY  QUESTIONS  WHICH  YOU  OR  THE 
COMMITTEE  MAY  HAVE  TODAY. 
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Mr.  Roe.  Are  you  finished? 

Mr.  Yardley.  Yes,  sir. 

Mr.  Roe.  You  mentioned  that — I  was  interested  in  your  first 
comment  when  you  said  you  agreed  with — as  I  understand  you — 
most  of  the  recommendations,  but  some  you  did  not.  Immediately, 
that  raises  my  interest  in  which  ones  you  did  not  agree. 

Mr.  Yardley.  I  thought  that  might. 

Mr.  Roe.  Could  you  give  us  an  observation? 

Mr.  Yardley.  The  one  in  particular,  that  I  think  I  have  some 
background  in,  that  I  think  is  not  correct  is  they  are  trying  to 
strengthen  the  authority  and  responsibility  of  the  program  manag- 
er at  Johnson.  Let  me  just  relate  what  happened  when  I  went  to 
NASA. 

I  hadn't  been  there  but  a  couple  of  weeks  and  one  of  the  other 
centers  called  me  and  said,  hey,  the  program  manager  wants  to 
take  $15  million  of  my  money  and  put  it  on  the  Orbiter.  It  became 
immediately  apparent  to  me  that  to  have  one  of  the  center  people 
handle  the  funding  decisions  was  not  going  to  be  in  the  best  inter- 
ests of  cooperative  technical  activity. 

So  I  pulled  the  final  decisions  on  the  money  to  Washington, 
where  I  think  they  still  are — I  am  not  sure  if  they  have  changed  it 
since — but  I  had  the  program  manager  responsible  for  collecting 
the  budgetary  material,  assessing  it  and  making  recommendations. 

That  put  him  in  a  position  that  he  was  able  to  work  across  the 
technical  level  quite  well  and,  in  fact,  I  would  say  I  have  never 
seen  anybody  from  another  center  get  along  as  well  as  Bob  Thomp- 
son did. 

He  will  be  testifying  tomorrow.  So  my  recommendation  would  be 
not  to  put  total  program  management  control  at  one  of  the  centers. 

Mr.  Roe.  At  any  one  of  the  centers? 

Mr.  Yardley.  At  any  of  the  centers. 

Mr.  Roe.  The  Chair  recognizes  the  gentleman  from  California. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

Mr.  Lovelace,  you  certainly  gave  credence  to  the  idea  of  balanc- 
ing out  our  shuttle  program,  our  manned  space  program  with  that 
of  the  unmanned. 

What  do  you  think  would  be  an  adequate  balance,  if  you  had  to 
choose  between  a  fourth  orbiter,  for  example,  and  beefing  up  our 
unmanned  program,  what  would  be  your  recommendation? 

Mr.  Lovelace.  Well,  Mr.  Packard,  it  is  a  difficult  question  to 
answer  and  yet  I  know  it  is  a  question  that  the  Congress  must 
answer  in  terms  of  the  budget  constraints.  I  have  testified  before 
the  Space  Subcommittee  of  this  full  committee  that  I  thought  that 
a  fourth  orbiter  was  in  the  best  interest  of  the  country's  space  pro- 
gram and  I  still  believe  that. 

I  think,  however,  we  have  the  necessity,  at  least  for  an  interim 
period,  of  providing  for  some  expendable  launch  vehicle  capability, 
both  to  take  care  of  some  of  the  payloads  that  will  be  impacted 
during  the  time  that  the  shuttle  fleet  is  grounded,  and  to  transition 
us  into  the  future,  which,  I  think  will  be  a  future  that  will  contain 
both  manned  and  unmanned  launch  capabilities. 

The  studies  that  are  underway  today  regarding  the  architecture 
of  the  future  space  systems,  seem  to  indicate  that  is  the  direction 
in  which  we  are  headed. 
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Our  difficulty  is,  how  do  we  get  from  where  we  are  today  into 
that  future  as  the  unfortunate  circumstances  of  the  Challenger  ac- 
cident have  put  a  real  pressure  on  the  budget. 

Mr.  Packard.  The  story  in  the  Los  Angeles  Times  quotes  an  un- 
named Rogers'  Commissioner  as  follows,  "There  was  no  manage- 
ment of  the  shuttle  program.  Even  without  the  accident,  the  pro- 
gram would  have  ground  to  a  halt  by  this  point."  The  report  itself 
tends  to  confirm  this  analysis,  that  there  was  inadequate  manage- 
ment. 

How  did  the  major  U.S.  civilian  space  program  reach  such  a  posi- 
tion in  terms  of  its  management  policies  and  was  the  problems  due 
to  management  failures  tied  to  our  own  policy  or  was  it  simply  a 
failure  to  provide  funding  for  adequate  management  decisions  and 
what  lesson  should  we  learn  from  the  first  5  years  of  the  Shuttle 
Program  in  terms  of  management? 

Mr.  Roe.  If  you  will  answer  that,  we  will  all  retire. 

Mr.  Lovelace.  If  I  could  answer  that  very  crisply,  we  could  con- 
clude these  hearings,  I  suspect.  I  have  not  read  the  Los  Angeles 
Times  article,  Mr.  Packard,  that  you  refer  to.  Also,  I  do  not  know 
who  the  author  is,  but  I  don't  agree  with  the  author  that  there  was 
no  management.  I  think  that  can  hardly  be  the  case.  Surely  the 
events  that  have  transpired  cause  you  to  want  to  question  whether 
we  have  the  best  management  approach  to  the  Shuttle  Program. 

I  think  that  we  certainly — those  of  us  who  were  involved  in  the 
early  development  phase  of  the  Shuttle  Program — felt  that  we  had 
a  contractual  commitment  with  the  Congress  to  bring  the  shuttle 
on  line,  to  bring  the  development  to  a  satisfactory  conclusion.  The 
technical  complexity  and  difficulty  of  that  task  certainly  caused 
the  great  demands  on  the  resources  that  were  available.  I  think 
that  most  of  us  who  were  involved  in  that  process  attempted  to 
manage  the  technical  program  and  stay  as  best  we  knew  how 
within  the  budget  constraints. 

Surely  that  put  some  pressure  on  us,  but  I  think  that,  in  fact, 
that  is  what  you  expect  from  management.  That  is  why  you  put 
management  in  place,  to  try  and  deal  with  that  balancing  of  risk 
and  resources.  I  don't  know  that  that  process — I  have  not  been  fa- 
miliar with  it  in  detail  since  I  left  the  agency — I  don't  know  that 
that  process  has  deteriorated  at  all. 

Mr.  Packard.  Thank  you.  I  don't  have  any  further  questions. 
_Mr.  Roe.  The  gentleman  from  Florida. 

Mr.  Nelson.  I  thank  the  chairman. 

Let  me  just  underscore  a  point  that  one  of  the  two  of  you  made 
earlier.  It  says  in  the  printed  Rogers  Commission  report  that  there 
should  be  a  consolidation  in  the  program  management  at  JSC,  but, 
in  fact,  we  understood  it  to  mean  that  there  was  to  be  the  control 
consolidated  here  at  NASA  Headquarters. 

Is  that  what  everybody's  understanding  is  of  the  space  transsys- 
tem? 

Mr.  Yardley.  I  don't  have  any  information  other  than  what  is  in 
the  report.  I  just  read  the  report,  and  I  don't  agree  with  what  the 
report  says. 

Mr.  Nelson.  I  see.  You  are  saying  that  what  you  do  agree  with  is 
that  the  control  ought  to  be  here  at  Headquarters. 
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Mr.  Yardley.  Yes.  I  think  though,  that  the  system  we  had  with 
the  overall  fiscal  control,  at  Headquarters,  but  the  technical  con- 
trol at  Johnson  worked  well.  You  know,  you  could  put  the  techni- 
cal systems  people  in  Washington  and  still  get  the  job  done,  be- 
cause it  really  depends  on  the  people  you  have  got  to  do  the  job, 
and  if  they  work  together. 

I  would  just  like  to  add  one  other  thing  to  Al's  comment  there. 
The  fact  that  we  did  have  a  very  challenging  task  in  development, 
with  a  lot  of  technical  problems,  meant  we  had  to  get  together 
quite  often,  and  we  had  communication  channels  formed  in  that 
process,  just  naturally,  that  I  think  probably  deteriorated.  These 
are  not  policy,  they  are  not  organizational,  they  are  not  line  dia- 
grams. Once  those  problems  went  away  and  it  got  into  an  oper- 
ational status,  I  just  think  people  started  not  seeing  each  other 
very  often,  and  the  people  who  had  gotten  to  know  each  other  very 
well  left.  I  think  that  is  a  lot  of  the  problem. 

Mr.  Lovelace.  I  think,  Mr.  Nelson,  if  I  might  go  back  to  the 
Commission's  recommendation,  which  I  said  I  concurred  with,  my 
interpretation  is  they  want  to,  in  fact,  strengthen  that  whole  proc- 
ess. I  can  hardly  argue  with  that. 

The  problem  is  the  definition  of  what  strengthens  that  process 
and  what  doesn't.  I  think  John  has  very  clearly  pointed  out  how  it 
was  functioning  at  the  time  that  he  operated  at  level  1.  In  the 
summer  of,  I  think  it  was  1979,  we  were,  as  a  management  team  at 
NASA,  struggling  very  much  to  contain  the  technical  tasks  to  be 
done  and  the  budgets  that  were  available  to  do  those  tasks.  I  con- 
vened a  group  of  consultants  who  came  back  with  some  recommen- 
dations, after  talking  with  virtually  all  levels  of  management 
within  the  agency.  One  of  the  recommendations  clearly  was  sup- 
portive of  what  Mr.  Yardley  has  pointed  out,  and  that  is  that  it  is 
very  difficult,  if  not  impossible,  to  have  the  financial  and  fiscal 
management  done  at  a  center  in  a  level  2  management  operation. 

There  is  no  doubt  that  Bob  Thompson,  during  my  tenure,  did  a 
superlative  job  in  terms  of  being  the  systems  manager  and  systems 
engineer  for  the  space  transportation  system.  But  it  became  clear 
in  that  study  that  John  needed  to  strengthen  his  staff,  which  he 
did,  in  terms  of  financial  analysts  to  analyze  the  inputs  that  came 
to  him  through  Mr.  Thompson  and  from  the  centers  and  to  arrive 
at  the  equitable  distribution  of  resources  to  be  applied  to  the  re- 
maining technical  tasks  to  be  done. 

That  worked,  I  believe,  very  well  for  us,  at  least  up  through  the 
spring  of  1981,  which  is  really  the  horizon  of  my  and  John's  person- 
al involvement. 

Mr.  Nelson.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman.  You  made  one  comment,  Mr. 
Lovelace.  You  pointed  out  on  the  fourth  orbiter — give  us  your 
thoughts  on  that.  What  we  are  hearing  in  different  circles  goes  as 
follows,  part  of  the  scenario.  Why  don't  we  work  with  three  orbit- 
ers?  What  do  you  need  four  for?  That  is  what  they  are  coming  back 
to  us  and  saying.  Can't  we  do  it  with  three?  Should  we  hold  up  that 
whole  program,  go  to  a  new  generation,  more  sophisticated  design? 
What  is  your  observation? 

You  mentioned  from  your  personal  point  of  view,  you  felt  we  did 
need  the  fourth  orbiter. 
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Mr.  Lovelace.  I  think  the  answer,  Mr.  Roe,  hinges  on  what  your 
expectation  is  for  what  you  want  the  system  to  do;  OK?  If  you  don't 
want  to  field  a  space  station  in  a  reasonable  forecast  of  time,  then 
maybe  we  really  don't  need  a  larger  space  transportation  system.  I 
certainly  am  not  one  to  deny  that  it  might  be  useful  to  think  even- 
tually about  a  new  space  transportation  system,  new  technology, 
and  I  think  that  that  really  will  come  to  pass,  but  what  I  am  con- 
cerned about  is  limiting  our  options  for  the  U.S.  Space  Program  by 
making  some  optimized  decision  surrounding  whether  we  need  a 
fourth  orbiter,  with  everybody  having  different  sets  of  expectations 
about  what  they  would  like  the  U.S.  Space  Program  to  be. 

Mr.  Roe.  What  you  are  basically  saying  is  the  next  area  we  are 
getting  into  is  the  goals.  What  are  the  national  goals?  That  seems 
to  be  very  spunky  at  this  point.  When  President  Kennedy  made  his 
observations  to  go  to  the  moon  was  the  distinct  direction  the  coun- 
try was  going  to  go  in  to  achieve  a  specific  goal,  I  think  that  was 
the  motor  that  drove  the  program  to  begin  with.  Sometimes  a  lot  of 
the  witnesses  we  have  been  listening  to  and  hearing  people  talk 
about  goals  they  are  talking  about  orient  towards  hardware  rather 
than  the  point  of  view  of  what  is  it,  what  are  we  trying  to  achieve? 
Would  you  agree  with  that? 

Mr.  Lovelace.  I  would  agree  with  that.  I  am  concerned,  Mr. 
Chairman. 

Let  me  make  a  very  unrealistic  statement.  Setting  budgets  aside, 
which  I  understand,  having  spent  a  few  years  in  this  environment, 
is  totally  unrealistic,  but  setting  that  aside  for  the  moment,  I  think 
that  we  have  become  very  introspective  and  introverted  in  our 
thinking  and  analysis  right  now.  That  is  important  to  do.  We  have 
done  it.  We  understand  what  needs  to  be  done. 

Now,  we  ought  to  get  on  with  fixing  our  space  program.  We 
ought  to  set  ourselves  some  goal.  That  goal  ought  to  be  beyond  next 
week. 

Mr.  Roe.  Let  me  ask  you  another  question  to  build  on  this,  be- 
cause we  are  going  to  be  getting  into  this  further  on.  Interesting, 
when  I  think  it  was  two  firms  that  were  handling  communication 
satellites  down  in  Texas,  from  what  I  understand,  had  decided  now 
they  will  go  to  China  and  have  China  do  some  launching  for  them, 
the  Japanese  are  coming  back  and  saying,  well,  we  want  to  get 
more  involved  now  in  high  technology.  The  Soviets,  of  course,  we 
are  well  aware  what  they  are  doing. 

There  was  an  interesting  article  in  the  New  York  Times  yester- 
day, Tuesday,  whatever  it  was.  Should  we,  in  your  judgment,  be 
doing  more  cooperative  work  with  other  countries?  In  other  words, 
if  we  are  talking  about  multibillions  of  dollars  to  build  our  fleet 
and  so  forth,  budget  problems  and  so  forth,  should  we  be  getting 
into  more  direct  work  as  we  did  with  the  Soviets  going  back  a  few 
years  ago? 

Mr.  Lovelace.  Well,  I  think  that  I  am  basically  in  favor,  Mr. 
Chairman,  of  international  cooperation.  I  think  that  the  efforts  un- 
derway relative  to  the  international  cooperation  on  space  stations 
are  the  right  things  to  do.  I  am  also  sensitive,  however,  to  the  point 
that  many  times  that  cooperation— and  I  hark  back  to  the  Apollo- 
Soyuz  mission— was  not  always  interpreted  as  being  in  this  coun- 


193 

try's  best  interest.  There  was  also  much  concern  about  technology 
transfer  between  our  two  countries  as  a  result  of  close  cooperation. 

I  tend,  however,  to  believe  that  in  terms  of  the  Free  world,  we 
really  must  not  become  very  insular  in  our  technology  cooperation, 
because  that  probably  will  lead  to  greater  difficulties  for  us  than  to 
have  a  very  healthy  interchange  within  the  Free  world  countries. 

Mr.  Roe.  Mr.  Yardley. 

Mr.  Yardley.  I  think  I  agree  with  Al,  that  considering  all  things, 
we  ought  to  go  ahead  with  the  international  cooperation.  I  think 
you  can  do  that  without  real  gut  technology  transfer.  I  went 
through  the  Apollo-Soyuz  Program.  It  was  one  of  my  programs. 
The  main  thing  the  Russians  got  from  us  was  how  we  managed  our 
manned  space  program,  which  apparently  nobody  thinks  is  any 
good  now  anyway. 

Mr.  Roe.  Are  there  any  other  questions? 

The  gentleman  from  Florida. 

Mr.  Nelson.  I  just  want  to  make  sure — four  answers  ago  I  didn't 
understand  your  answer.  Do  you  agree — what  is  your  opinion  about 
a  replacement  orbiter? 

Mr.  Lovelace.  I  believe  we  should  have  a  replacement  orbiter. 

Mr.  Nelson.  Thank  you. 

Mr.  Yardley.  I  agree  with  Al,  too,  by  the  v.'ay.  He  and  I,  our 
companies,  are  two  of  the  three  companies  that  are  possibly  the 
beneficiary  of  the  expendables,  too.  I  think  we  both  take  the  posi- 
tion there  ought  to  be  a  fourth  orbiter. 

Mr.  Roe.  Would  you  give  me — I  am  trying  desperately  to  get  the 
reason  why.  People  are  coming  back — let  me  set  the  stage  for  you. 

The  White  House  has  been  putsing  around  with  this  thing  for 
the  last  5  months,  in  fair  play,  and  nothing  has  been  decided  at 
that  level.  There  has  been  legislation  introduced,  but  really  noth- 
ing is  moving  on  it.  So  we  are  at  a  point  when  people  are  coming 
back  and  saying  why  should  we  be  doing — why  can't  we  go  with 
three?  What  do  we  have — other  than  fixing  the  seal,  why  do  we 
have  to  have  four?  That  is  the  question  before  us. 

Then  we  come  back,  and  Mr.  Lovelace's  testimony  in  earlier  dis- 
cussion, you  came  back  and  said  one  of  the  concerns  was  maybe  we 
were  pressing  the  system  too  hard  by  trying  to  get  too  many 
launches  going,  and  we  are  taking  things  for  granted.  I  think  that 
is  a  fair  comment. 

Now,  the  question  really  is,  why  four?  What  is  the  magic  of  four? 
Why  not  three?  Why  not  ten?  I  am  not  being  facetious. 

Mr.  Yardley.  My  answer  to  that  is  that  you  have  got  to  consider 
three  orbiters  as  though  it  were  two,  because  it  is  always  going  to 
be  an  orbiter  getting  fixed,  upgraded,  something  else.  Two  is  just 
too  small  a  fleet  to  be  a  viable  national  program.  The  United 
States  can't  do  the  space  station  with  two  orbiters. 

Mr.  Roe.  That  is  good. 

Mr.  Lovelace.  I  think  John  is  absolutely  right,  in  my  judgment. 
I  think  you  have  to  think  about  our  current  fleet  as  two,  at  any 
given  instant,  two  operational,  functional  orbiters.  I  don't  think 
you  can  have  a  space  station  with  that,  and  I  think  we  should  have 
a  space  station. 

Mr.  Packard.  Would  the  chairman  yield  on  that? 

Mr.  Roe.  Yes. 
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Mr.  Packard.  The  Administrator  has  now  announced  a  schedule 
of  12  per  year,  12  flights  per  year  once  we  resume  flights.  Even 
with  two  functional,  noncannibalized  orbiters,  that  could  be  accom- 
modated, 12  per  year.  By  increasing  it  to  three,  actually  four,  but 
three  for  all  intents  and  purposes,  is  it  your  judgment  then  that 
there  will  be  a  strong  move  and  a  desire  to  move  above  the  12  per 
year,  or  do  you  sense  that  that  is  a  figure  that  we  will  probably  try 
to  retain,  or  will  we  try  to  move  to  18  and  then  to  24  a  year? 

Mr.  Yardley.  I  think  the  Administrator  didn't  put  a  ceiling  of  12 
on  it.  He  said  I  think  12  in  the  first  two  years,  didn't  he? 

Mr.  Lovelace.  I  think  he  talked  about  nine  the  first  year  and 
then  building  to  12. 

Mr.  Yardley.  If  you  put  the  space  station  up  with  three  orbiters, 
let's  say,  have  a  fourth  for  your  margin,  it  is  going  to  take  a  long 
time  even  at  that.  We  are  probably  going  to  have  to  get  expendable 
launch  vehicles — I  forget  whether  it  is  14  or  16  launches  it  takes. 

Mr.  Lovelace.  I  think  it  is  16. 

Mr.  Yardley.  Something  like  that.  So,  you  know,  just  to  do  it 
with  less  than  four  in  your  fleet,  three  operational,  seems  to  me  is 
just  not  feasible. 

Mr.  Packard.  Thank  you. 

Mr.  Roe.  OK.  I  guess  since  there  are  no  other  questions,  we  want 
to  thank  you  very  much  for  being  with  us.  I  know  it  took  a  lot  of 
time  for  you  to  get  here,  but  you  have  been  very  helpful  in  your 
testimony,  and  we  appreciate  you  being  with  us  today. 

The  committee  will  stand  adjourned  until  tomorrow  at  9:30. 

[Whereupon,  at  3:20  p.m.,  the  committee  was  adjourned  until 
9:30  a.m.,  Thursday,  July  24,  1986.] 


INVESTIGATION  OF  THE  CHALLENGER 

ACCIDENT 

(Volume  2) 


THURSDAY,  JULY  24,  1986 

House  of  Representatives, 
Committee  on  Science  and  Technology, 

Washington,  DC. 

The  committee  met,  pursuant  to  call,  at  9:30  a.m.,  in  room  2318, 
Rayburn  House  Office  Building,  Hon.  Robert  A.  Roe  (acting  chair- 
man of  the  committee),  presiding. 

Mr.  Roe.  The  committee  will  convene. 

Again,  today's  hearing,  in  both  the  morning  and  afternoon  ses- 
sions, will  continue  the  inquiry  that  we  began  yesterday  to  hear 
from  former  and  current  NASA  officials  involved  with  the  Space 
Shuttle  Program. 

These  sessions  comprise  another  portion  of  the  comprehensive 
series  of  hearings  that  the  Committee  on  Science  and  Technology 
has  been  holding  to  investigate  the  space  shuttle  Challenger  acci- 
dent, and  to  review  the  Rogers  Commission  findings  of  the  acci- 
dent. 

The  committee's  goal  in  this  extensive  process  is  to  track  the  evo- 
lution of  change  in  the  routine  function  and  operation  of  NASA  ac- 
tivities. From  these  specifics,  we  hope  to  understand  and  help  cor- 
rect that  pattern  of  change  that  may  subtly  have  weakened  the 
precision  accountability  of  one  of  the  world's  most  respected  R&D 
organizations. 

Today,  we  have  a  full  roster  of  witnesses,  all  of  whom  held,  and 
in  some  cases  still  hold,  positions  of  policy  or  management  of  the 
Space  Shuttle  Program.  In  this  morning's  session,  we  will  hear 
from  Gen.  James  Abrahamson,  Director  of  the  Strategic  Defense 
Initiative;  and  Mr.  Jesse  Moore,  Director  of  the  Lyndon  Johnson 
Space  Center. 

We  want  to  welcome  our  witnesses  this  morning. 

The  gentleman  from  New  Mexico. 

Mr.  Lujan.  I  have  no  opening  statement.  I  want  to  welcome  Gen- 
eral Abrahamson  and  Jesse  Moore.  It  has  been  a  pleasure  being  as- 
sociated with  both  of  you  gentlemen  all  these  years.  I  am  sure  we 
can  learn  a  lot  from  you. 

Mr.  Roe.  I  thank  the  gentleman  from  New  Mexico. 

General,  would  you  stand  and  be  sworn  in,  please? 

[General  Abrahamson  sworn.] 

Mr.  Roe.  Without  objection,  television  broadcast  and  still  photo- 
graphs will  be  permitted  this  week  on  the  Rogers  report.  If  no  ob- 
jection, so  ordered. 

(195) 
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We  want  to  welcome  you  to  our  committee,  General  Abraham- 
son.  I  think  it  would  be  profitable  to  review  that  full  statement  for 
us,  if  you  would.  So,  if  the  general  will  proceed. 

STATEMENT  OF  LT.  GEN.  J.A.  ABRAHAMSON,  DIRECTOR, 
STRATEGIC  DEFENSE  INITIATIVE,  THE  PENTAGON 

General  Abrahamson.  I  want  to  thank  you  for  inviting  me  to 
testify  before  the  Committee  on  Science  and  Technology  today.  I 
have  appeared  before  this  committee  on  numerous  occasions,  but 
none  as  tinged  with  nostalgia  or  the  sadness  as  today. 

I  have  been  asked  to  comment  on  the  Report  of  the  Presidential 
Commission  on  the  Space  Shuttle  Accident.  As  I  was  formulating 
my  thoughts  to  do  so,  I  reflected  back  upon  the  history  of  manned 
space  flight,  including  the  precursor,  the  ascent  of  the  dog,  Laika, 
and  the  monkeys,  Able  and  Baker.  I  remember  how  our  imagina- 
tion was  fired  up  when  Soviet  Cosmonaut  Yuri  Gagarin  orbited  the 
Earth  and  the  triumph  that  we  all  felt  as  the  United  States  suc- 
ceeded in  Project  Mercury. 

I  remembered  how,  in  the  early  1960's,  when  we  were  all  much 
younger,  the  names  of  Shirra,  Shepherd,  Carpenter,  Cooper,  Slay- 
ton,  Grissom,  and  Glenn  captivated  our  attention.  We  marveled  at 
what  was  going  on  and  at  the  new  thresholds  that  we  were  cross- 
ing. We  marveled  that  men  and  women  could  fly  in  space  and 
return  safely  to  Earth. 

Although  there  were  other  tragedies  and  setbacks,  such  as  the 
Apollo  fire,  manned  space  flight  succeeded  and  we  watched  with  vi- 
carious pleasure  as  the  United  States  built  a  space  prograrn  that 
was  the  pride  of  America  and  the  envy  of  the  world.  Yet,  just  6 
months  ago,  on  January  28,  the  space  shuttle  Challenger  blew  up 
in  front  of  the  whole  world,  and  we  were  confronted  with  a  stark 
reality  and  a  strong  impression  that  things  were  now  different. 

For  all  of  us,  for  all  mankind,  it  was  a  tragedy.  It  was  a  tragedy 
for  all  because  it  represented  a  loss  of  life;  and,  for  some,  it  repre- 
sented a  loss  of  hope.  A  loss  of  hope  perhaps,  because  no  matter 
where  in  the  world  one  went— be  it  Senegal,  Chile,  or  even  Easter 
Island,  the  most  remote  inhabited  spot  in  the  world— one  could  see 
the  evidence  of  the  pride  that  people  had  in  the  Space  Shuttle  Pro- 
gram. 

The  space  shuttle  gave  rise  to  expectations  that  whatever  the 
United  States  set  out  to  do,  it  could  do  it.  What  happened  on  Janu- 
ary 28,  1986  did  not  change  that  fact.  It  should  not  and  must  not 
change  those  hopes  and  expectations. 

I  worked  in  the  Space  Shuttle  Program  for  over  2V2  years.  I  had 
friends  who  lost  their  lives  that  day.  I  didn't  have  the  pleasure  of 
knowing  Greg  Jarvis  or  Christa  McAuliffe,  but  I  did  know  Dick 
Scobee,  Ron  McNair,  Mike  Smith,  Ellison  Onezuka,  and  Judy  Res- 
nick.  I  did  have  the  pleasure  of  working  with  them  and  some  of 
their  fellow  crews.  They  didn't  die  a  meaningless  death. 

They  were  pioneers  in  every  sense  of  the  word,  but  they  weren't 
martyrs.  They  were  pioneers  who  lost  their  lives  in  advancing  the 
frontier  of  mankind's  knowledge.  I  know  that  they  would  say 
boldly  that  our  capability   to  create   and   to  overcome   obstacles 
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didn't  change  on  January  28.  They  would  affirm  that  our  capabiUty 
will  always  be  there. 

It  will  always  be  there  because  we  have  a  free  and  wonderful 
system  in  this  country  that  still  permits  us  to  do  whatever  we  set 
our  mind  upon.  If  our  objective  is  to  implement  the  strategic  de- 
fense initiative  or  to  create  a  new  Space  Shuttle  Program,  we  can 
and  we  will  do  it. 

Nothing  in  the  Presidential  Commission  report  contradicts  this. 
The  report  is  a  good  and  a  fair  document.  Its  recommendations  are 
sound  and  significant  actions  to  implement  the  recommendations 
have  already  been  taken  by  NASA. 

The  report  contains  an  eloquent  covering  letter  by  Commission 
Chairman  William  P.  Rogers  to  President  Reagan.  Mr.  Rogers 
wrote  that,  "The  nation's  task  now  is  to  move  ahead  to  return  to 
safe  space  flight  and  to  its  recognized  position  of  leadership  in 
space.  There  could  be  no  more  fitting  tribute  to  the  Challenger 
crew  than  to  do  so."  I  agree  completely  with  Mr.  Rogers,  and  it  is 
in  that  vein  that  I  offer  the  following  comments. 

The  report  stated  that,  "NASA  has  always  taken  a  positive  ap- 
proach to  problem  solving" — which  is  very  true.  But  it  also  stated 
that  NASA  had  "*  *  *  not  evolved  to  the  point  where  its  officials 
are  willing  to  say  they  no  longer  have  the  resources  to  respond  to 
proposed  changes." 

That  was  not  my  experience  at  NASA.  At  no  time  during  my 
tenure  as  the  NASA  Associate  Administrator  for  Space  Flight  did 
the  organization,  the  NASA  System,  fail  to  argue  for  the  rational, 
instead  of  the  impractical  or  the  impossible.  A  number  of  scheduled 
missions  were  routinely  slipped,  not  for  crew  or  payload  manifest 
changes,  but  to  ensure  optimal  availability  of  resources,  and  above 
all,  flight  safety. 

The  report  also  stressed  that  an  operational  program,  "*  *  * 
should  not  imply  any  less  commitment  to  quality  or  safety,  nor  a 
dilution  of  resources."  The  attitude,  the  report  adds,  should  be, 
"We  are  going  to  fly  high  risk  flights  this  year;  every  one  is  going 
to  involve  some  risk.  So  we  had  better  be  careful  in  our  approach 
to  each."  This,  from  my  experience,  has  been  precisely  the  NASA 
attitude. 

From  1981  to  1984,  we  continuously  acquired  new  information  on 
the  space  shuttle.  We  had  to  strike  a  delicate  balance  between  the 
need  for  continued  flight  testing  and  the  need  for  an  operational 
National  Space  Transportation  System.  We  also  had  to  strike  the 
fundamental  balance  that  any  flight  test  program  must  achieve: 
specifically,  flights  must  go  on  to  gain  knowledge  of  performance 
and  strengths  and  weaknesses  in  the  System.  But  each  flight  must 
be  safe.  Consequently,  every  flight  was  regarded  as  a  learning  expe- 
rience and  a  challenge,  a  challenge  which  required  decisions  at 
each  step  along  the  way. 

Manned  space  flight  has  never  been  nor  will  it  likely  ever  be  a 
matter  of  deciding  at  the  beginning  of  a  mission  what  has  to  be 
done,  and  then  rigidly  sticking  to  a  prescribed  plan,  irrespective  of 
conditions  and  circumstances.  Rather,  it  was,  and  is,  a  process  of 
continuing  to  build  upon  lessons  learned  and  of  continuing  to  make 
necessary  tradeoffs.  Operating  the  shuttle,  or  any  manned  system, 
will  never  be  simple,  nor  will  it  be  one  in  which  absolute  reliance 


198 

can  be  placed  solely  on  analytical  techniques,  as  opposed  to  intui- 
tion, good  seasoned  judgment,  and  experience. 

In  this  respect,  the  report  has  criticized  the  NASA  decision  proc- 
ess and  characterized  it  as  flawed.  Relative  to  the  Solid  Rocket 
Booster,  SRB,  0-ring  problem,  the  criticism  is  warranted:  the  seri- 
ousness of  the  problem  was  largely  overlooked;  failure  to  correct  it 
was  inexcusable.  On  this  occasion,  the  system  broke  down  with  dis- 
astrous consequences. 

It  should  not  have  broken  down.  There  were  ample  warning 
signs.  By  January  1986,  a  December  1982  NASA  document,  which 
recognized  the  problem,  but  also  cited  that  a  total  of  1,256  SRB 
joints  incorporating  0-ring  seals,  that  document  was  largely  no 
longer  relevant.  Worse,  it  gave  a  false  sense  of  security. 

The  report  properly  focuses  on  the  breakdown  in  the  decision 
process  on  this  incident,  and  this  focus  has  been  amplified  in  the 
media.  Unfortunately,  the  negative  media  reporting  has  not  been 
accompanied  with  an  examination  of  how  the  NASA  System  also 
worked  right.  This  perspective  should  not  be  lost. 

I  would  like  to  provide  instances  from  my  experience  in  which  I 
thought  both  the  people  and  the  System  worked  correctly.  On  STS- 
5,  we  had  scheduled  the  first  space  shuttle  extra  vehicular  activity, 
EVA.  In  the  prespacewalk  checkout,  we  had  spacesuit  problems 
and  we  canceled  the  EVA.  After  that  flight  and  prior  to  the  time 
we  tried  again,  the  entire  NASA  System  bore  down  on  the  quality 
assurance  problem  we  unearthed,  and  it  implemented  long-term 
corrections. 

One  of  our  most  subtle  and  difficult  problems  happened  to  devel- 
op just  prior  to  the  first  flight  of  the  Challenger.  In  a  readiness 
firing,  we  noted  a  trace  of  hydrogen  in  the  Challengers  engine 
compartment.  There  were  many  conflicting  opinions  and  some  very 
even  rational  explanations  as  to  why  it  was  safe  to  fly.  However, 
NASA's  people,  with  their  contractor  teammates,  doggedly  pursued 
the  potential  problem. 

I  know,  because  I  saw  it  work  at  every  level,  including  the  tech- 
nicians who  took  exceptional  risks  on  the  pad  to  search  for  and  fi- 
nally locate  a  real  hydrogen  leak.  This  enabled  us  to  pinpoint  a 
host  of  quality  assurance,  acceptance  testing,  and  manufacturing 
problems;  and,  concurrently,  to  solve  them  through  extraordinary 
efforts,  including  major  new  investments  in  engine  spares,  auto- 
mated welding  equipment,  revised  plant  layouts,  and  new  stand- 
ards of  personnel  training  and  quality  assurance. 

There  are  many  other  examples  I  could  cite  of  the  System  work- 
ing properly.  However,  I  merely  ask  this  committee  and  the  Ameri- 
can people  to  remember  the  positive  as  well  as  the  failures  that  led 
to  the  tragedy  of  January  28.  During  my  tenure,  I  felt  the  NASA 
team— government  and  contractors— always  did  more  than  asked. 
At  no  time  did  I  ever  encounter  anyone  who  did  not  put  flight 
safety  first  and  foremost  in  their  considerations. 

As  I  stated  earlier,  the  Commission's  recommendations  are  valid 
and  sound,  and  I  believe  they  are  being  effectively  implemented  by 
NASA.  However,  I  would  also  like  to  point  out  that  many  of  these 
recommendations  have  long  been  incorporated  in  NASA  manage- 
ment procedures.  The  program  manager,  by  definition,  has  the  nec- 
essary authority  to  get  the  job  done. 
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What  the  program  manager  must  ensure  is  that  program  objec- 
tives do  not  get  blurred  in  transmitting  them  through  necessary 
channels,  including  the  Office  of  ManagamenL-aftdHBudget  and  the 
Congress.  The  program  manager  must  further  recognize  that  there 
will  be  a  constant  need  to  check  that  directives  are  adequately  car- 
ried out  and  he  must  also  recognize  that  he  is  an  important  cog — 
but,  nonetheless,  only  one  cog  in  a  vital,  dynamic  System. 

Throughout  my  tenure,  astronauts  were  in  key  program  office 
positions  and  one  served  as  an  Assistant  Associate  Administrator 
in  the  Office  of  Space  Flight;  that  is,  to  me.  In  addition,  no  one 
could  have  been  more  visible  or  more  involved  in  the  NASA  deci- 
sionmaking process  than  were  Deke  Slayton  and,  later,  John 
Young.  Both  made  important  management  contributions  and  both 
were  important  team  members. 

I  am  pleased  that  the  Commission  recommended  greater  visibili- 
ty of  the  NASA  safety  and  quality  assurance  organizations.  These 
are  people  whose  important  contributions  are  often  not  very  visible 
in  any  technical  effort;  yet,  they  must  be  key  ingredients  within 
the  decisionmaking  process. 

I  recall  that  when  we  established  the  important  Dakar  Contin- 
gency Landing  Site,  Mr.  Beggs  and  I  insisted  that  the  Kennedy 
Space  Center  Deputy  Director  for  Safety,  Security,  and  Quality, 
serve  as  one  of  that  site's  initial  team  chiefs.  He  served,  did  a  tre- 
mendous job,  and  we  all  breathed  easier  for  his  insight  and  his 
leadership. 

I  agree  completely  with  the  commission  that  there  must  be  an 
effective  communication  access.  To  avoid-a^Jatal-cGfiMftunicalions 
breakdowiTuj^nagerr^S^ 

officials.  This  access  can  be  accomplished  within  thecurrenTcKain 
of  command.  However,  it  must  be  facilitated  through  communica- 
tion devices  and  encouraged  by  an  atmosphere  that  motivates  the 
managers_te  come  forward  with  problems. 

The  final  result  of  a  beneficial  rommunirptions  atmosphere  must 
be  a  complementary  relationship  between  the  program  Tnanagers, 
functional  .staffsTang  usjjig_and  support  organizations.  Nonetheless, 
this  process  can  be  successful  only  if  the  managers  are  willing  to 
accept  responsibility  for  their  decisions,  whether  they  are  reached 
individually  or-by  consensus. 

I  don^believe  that  the  Challenger  accident  or  the  media  report- 
ing has  significantly  eroded  the  American  people's  fundamental 
confidence  and  support  of  the  Space  Shuttle  Program.  However, 
this  confidence  and  support  will  endure  only  as  long  as  we  demon- 
strate a  willingness  to  respond  positively  to  our  new  challenge. 

For  example,  the  Presidential  Commission  and  NASA  have  iden- 
tified several  problems  and  they  have  identified  several  corrective 
actions.  Success  in  resolving  those  problems  must  extend  across  the 
board.  The  solutions  must  involve  the  Space  Transportation  System 
as  a  whole,  including  payload  and  facilities  in  space.  The  proposed 
solutions  must  examine  every  aspect  of  shuttle  operations,  includ- 
ing turnaround  times,  productivity  enhancements,  and  the  need  for 
a  new  orbiter. 

If  we  don't  succeed,  then  our  Nation— and  the  free  world — will 
be  driven  back  to  an  overwhelming  reliance  on  expendable  launch 
vehicles.  In  my  opinion,  we  will  then  have  taken  a  major  step  back- 
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ward.  Without  the  shuttle,  we  will  revisit  the  sixties  and  the  seven- 
ties, and  we  will  have  failed  to  capitalize  on  the  tremendous  oppor- 
tunity that  the  Shuttle  Program  presents  in  improving  the  quality 
of  life  for  all  mankind. 

The  Challenger  tragedy  has  not  been  our  only  recent  launch  ve- 
hicle system  failure.  As  we  all  know,  our  space  program  has  been 
further  crippled  by  two  Titan  accidents  and  the  failure  of  an  "old- 
reliable"  Delta;  the  European  space  effort  has  suffered  the  loss  of 
an  Ariane  rocket.  Although  some  of  these  were  recently  manufac- 
tured vehicles,  there  is  at  least  one  common  link  in  these  failures. 
The  problems,  that  we  are  aware  of,  have  all  occurred  in  subsys- 
tems that  represent  older  technology.  The  solid  rockets,  the  elec- 
tronic components,  the  mechanical  designs,  are  all  representative 
of  1970  technologies  and  not  of  what  we  can  do  today. 

There  is  a  lesson  that  can  be  drawn  from  the  commission  report. 
That  lesson  is  that  we  must  continue  to  invest  people  and  resources 
into  research  and  the  creative  process  of  implementing  research  re- 
sults into  new  and  safer  designs,  improved  methods  of  testing  and 
quality  assurance,  and,  most  of  all,  allowing  our  talents  to  be  used 
to  their  utmost. 

It  is  not  enough  to  assume  that  because  a  machine  worked  prop- 
erly before,  it  will  work  properly  again.  If  the  machine  fails,  it  is 
not  enough  to  assert  that  a  management  fix  is  all  that  is  required 
to  correct  the  problem.  Ladies  and  gentlemen  of  this  important 
committee,  every  one  of  you,  every  one  of  us,  has  the  challenge  and 
the  responsibility  to  not  merely  fix  blame,  but  to  provide  every  pos- 
sible measure  of  support  to  NASA  and  the  vital  Space  Program. 

First,  it  means  a  fundamental  appreciation  of  the  cadre  of  pio- 
neers who  have  built  a  part  of  our  national  space  program  that  has 
been  the  pride  of  America  and  the  world.  Second,  it  means  that  we 
must  provide  the  resources  to  restore  the  Space  Shuttle  Program 
as  well  as  to  broaden  our  expendable  launch  vehicle  fleet— and  this 
means  investment  in  modernization  as  well  as  buying  more  of  the 

same. 

Third,  it  means  that  we  must  provide  a  declaration  of  support  for 
our  space  program,  one  that  acknowledges  that  all  of  these  pro- 
grams contribute  to  a  better  quality  of  life  on  earth.  This  would  be 
in  the  spirit  of  our  Challenger  pioneers,  and  it  would  be  the  bond  of 
faith  with  future  generations. 

[The  prepared  statement  of  General  Abramson  follows:] 
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TESTIMONY:   LIEmTOJANT  GENERAL  J.  A.  ABRAHAMSON 

US  HOUSE  OF  REPRESENTATIVES 
COMITTEE  ON  SCIENCE  AND  TECHNOLOGY 

24  July  1986 

Mr.  Chairman,  thank  you  for  inviting  me  to  testify  before  the 
Comittee  on  Science  and  Technology  today.  I  have  appeared  before  the 
Committee  on  numerous  occasions,  but  none  as  tinged  with  nostalgia  and 
sadness  as  today. 

I  have  been  asked  to  corment  on  the  Report  of  the  Presidential 
Ccnmission  on  the  Space  Shuttle  Accident.  As  I  was  formulating  my 
thoughts  to  do  so,  I  relfected  back  upon  the  history  of  manned  space 
flight,  including  the  ascent  of  the  dog,  Laika  and  the  monkeys.  Able  and 
Baker.  I  remember  how  our  imagination  was  fired-up  when  Soviet 
Cosmonaut  Yuri  Gagarin  orbited  the  earth  and  the  triumph  that  we  all 
felt  as  the  United  States  succeeded  in  Project  Mercury.  I  remembered 
how,  in  the  early  1960s  (when  we  were  much  younger) ,  the  names  of 
Shirra,  Shepherd,  Carpenter,  Cooper,  Slayton,  Grissom,  and  Glenn 
captivated  our  attention.  We  marveled  at  what  was  going  on  and  at  the 
new  thresholds  that  we  were  crossing.  We  marveled  that  men  and  wanen 
could  fly  in  space  and  return  safely  to  earth.  Although  there  were 
early  tragedies  and  setbacks,  such  as  the  Apollo  fire,  manned  space 
flight  succeeded  and  we  watched  with  vicarious  pleasure  as  the  United 
States  built  a  space  program  that  was  the  pride  of  America  and  the  envy 
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of  the  world.  Yet,  just  six  months  ago  on  the  28th  of  January,  the 
Space  Shuttle  Challenger  blew  up  in  front  of  the  whole  world  and  we  were 
confronted  with  a  stark  reality  and  a  strong  inpression  that  things  were 
now  different. 

For  all  of  us,  for  all  mankind,  it  was  a  tragedy.  It  was  a  tragedy 
for  all  because  it  represented  a  loss  of  life  and  for  soine,  it 
represented  a  loss  of  hc^)e.  A  loss  of  hope  perhaps,  because  no  matter 
where  in  the  world  one  went,  be  it  Senegal,  Chile,  or  even  Easter 
Island,  the  most  remote  inhabited  spot  in  the  world,  one  could  see  the 
evidence  of  the  pride  that  people  had  in  the  Space  Shuttle  program.  The 
Space  Shuttle  gave  rise  to  expectations  that  whatever  the  United  States 
set  out  to  do,  it  could  do  it.  What  happened  on  the  28th  day  of  January 
1986  did  not  change  that  fact.  It  should  not  and  must  not  change  those 
hopes  and  expectations. 

I  worked  in  the  Space  Shuttle  program  for  over  two  and  one-half 
years.  I  had  friends  who  lost  their  lives  that  day.  I  didn't  have  the 
pleasure  of  knowing  Greg  Jarvis  or  Christa  McAuliffe,  but  I  did  know 
Dick  Scobee,  Ron  McNair,  Mike  Smith,  Ellison  Onezuka  and  Judy  Resnick. 
I  did  have  the  pleasure  of  working  with  them  and  some  of  their  fellow 
crews.  They  didn't  die  a  meaningless  death. 

They  were  pioneers  in  every  sense  of  the  word,  but  they  weren't 
martyrs.  They  were  pioneers  who  lost  their  lives  in  advancing  the 
frontier  of  mankind's  knowledge.  I  know  that  they  would  say  boldly  that 
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our  capability  to  create  and  to  overcome  obstacles  didn't  change  on  the 
28th  of  January.  They  would  affirm  that  our  capability  will  always  be 
there.  It  will  alv/ays  be  there  because  we  have  a  free  and  wonderful 
system  in  this  country  that  still  permits  us  to  do  whatever  we  set  our 
mind  upon.  If  our  objective  is  to  inplement  the  Strategic  Defense 
Initiative  or  to  create  a  new  Space  Shuttle  program,  we  can  and  we  will 
do  it. 

Nothing  in  the  Presidential  Commision  report  contradicts  this.  The 
report  is  a  good  and  a  fair  document.  Its  recoTFvendations  are  sound  and 
significant  actions  to  inploiient  the  recommendations  have  already  been 
taken  by  NASA. 

The  report  contains  an  eloquent  covering  letter  by  Commission 
Chairman  William  P.  Rogers  to  President  Reagan.  Mr.  Rogers  wrote  that 
"The  nation's  task  now  is  to  move  ahead  to  return  to  safe  space  flight 
and  to  its  recognized  position  of  leadership  in  space.  There  could  be 
no  more  fitting  tribute  to  the  Challenger  crew  than  to  do  so."  I  agree 
corrpletely  with  Mr.  Rogers  and  it  is  in  that  vein  that  I  offer  the 
following  contnents. 

The  report  stated  that  "NASA  has  always  taken  a  positive  approach  to 
problem  solving"  —  which  is  very  true  —  but  it  also  stated  that  NASA 
had  "...  not  evolved  to  the  point  where  its  officials  are  willing  to 
say  they  no  longer  have  the  resources  to  respond  to  proposed  changes." 
That  was  not  my  experience  at  NASA.  At  no  time  during  my  tenure  as  the 
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NASA  Associate  Administrator  for  Space  Flight  did  the  organization,  the 
NASA  system,  fail  to  argue  for  the  rational,  instead  of  the  iitpractical 
or  the  inpossible.  A  number  of  scheduled  missions  were  routinely 
sliK'ed,  not  for  crew  or  pay load  manifest  changes,  but  to  insure  optimal 
availability  of  resources  and  above  all,  flight  safety. 

The  report  also  stressed  that  an  operational  program  "should  not 
inply  any  less  coitmitment  to  quality  or  safety,  nor  a  dilution  of 
resources."  The  attitude,  the  report  adds  should  be,  "We  are  going  to 
fly  high  risk  flights  this  year;  every  one  is  going  to  involve  some 
risk,  so  we  had  better  be  careful  in  our  approach  to  each."  This,  from 
my  experience,  has  been  precisely  the  NASA  attitude. 

Fran  1981  to  1984,  we  continuously  acquired  new  information  on  the 
Space  Shuttle.  We  had  to  strike  a  delicate  balance  between  the  need  for 
continued  flight  testing  and  the  need  for  an  operational  National  Space 
Transportation  System.  We  also  had  to  strike  the  fundamental  balance 
that  any  flight-test  program  must  achieve:  specifically,  flights  must 
go  on  to  gain  knowledge  of  performance  and  strengths  and  weaknesses  in 
the  system  -  but  each  flight  must  be  safe.  Consequently,  every  flight 
was  regarded  as  a  learning  experience  and  a  challenge  -  a  challenge 
which  required  decisions  at  each  step  along  the  way. 

Manned  space  flight  has  never  been  nor  will  it  likely  ever  be  a 
matter  of  deciding  at  the  beginning  of  a  mission  what  has  to  be  done  - 
and  then  rigidly  sticking  to  a  prescribed  plan,  irrespective  of 
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conditions  and  circumstances.  Rather,  it  was  -  and  is  -  a  process  of 
continuing  to  build  upon  lessons  learned  and  of  continuing  to  make 
necessary  tradeoffs.  Operating  the  shuttle,  or  any  manned  system,  will 
never  be  simple,  nor  will  it  be  one  in  which  absolute  reliance  can  be 
placed  solely  on  analytical  techniques,  as  opposed  to  intuition,  good 
seasoned  judgment,  and  experience. 

In  this  respect,  the  report  has  criticized  the  NASA  decision  process 
and  characterized  it  as  "flawed".  Relative  to  the  Solid  Rocket  Booster 
(SRB)  "O"  Ring  problem,  the  criticism  is  warranted:  the  seriousness  of 
the  problem  was  largely  overlooked;  failure  to  correct  it  was 
inexcusable.  Op  this  occasion,  the  system  broke  down  with  disasterous 
consequences.  It  should  not  have  broken  down:  there  were  anple  warning 
signs.  By  January  1986,  a  December  1982  NASA  document,  which  recognized 
the  problem,  but  also  cited  that  a  total  of  1,256  SRB  joints 
incorporating  "0"  Ring  seals  had  been  successfully  tested  with  no 
evidence  of  leakage  was  clearly  no  longer  relevant.  Vforse,  it  gave  a 
false  sense  of  security. 

The  report  prc^rly  focuses  on  the  breakdown  in  the  decision  process 
on  this  incident,  and  this  focus  has  been  airplified  in  the  media. 
Unfortunately,  the  negative  media  reporting  has  not  been  acconpanied 
with  an  examination  of  how  the  NASA  system  also  worked  right!  This 
perspective  should  not  be  lost.  I  would  like  to  provide  instances  from 
my  experience  in  which  I  thought  both  the  people  and  the  system  worked 
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correctly.  On  STS-5,  we  had  scheduled  the  first  Space  Shuttle  extra 
vehicular  activity (EVA) .  In  the  pre  "space-walk"  checkout,  we  had 
spacesuit  problems  and  cancelled  the  EVA.  After  that  flight  and  prior 
to  the  time  we  tried  again,  the  entire  NASA  system  bore  down  on  the 
quality  assurance  problem  we  unearthed  and  it  implemented  long  term 
corrections. 

One  of  our  most  subtle  and  difficult  problems  happened  to  develop 
just  prior  to  the  first  flight  of  the  Challenger.  In  a  readiness 
firing,  we  noted  a  trace  of  hydrogen  in  the  Challenger's  engine 
compartment.  There  were  many  conflicting  opinions  and  some  very  even 
rational  explanations  as  to  why  it  was  safe  to  fly.  However,  NASA's 
people  with  their  contractor  teammates  doggedly  pursued  the  potential 
problem.  I  know  because  I  saw  it  work  at  all  levels,  including  the 
technicians  who  took  exceptional  risks  on  the  pad  to  search  for  and 
finally  locate  a  real  hydrogen  leak.  This  enabled  us  to  pinpoint  a  host 
of  quality  assurance,  acceptance  testing  and  manufacturing  problems  - 
and,  concurrently,  to  solve  them  through  extraordinary  efforts  including 
major  new  investments  in  engine  spares,  automated  welding  equipment 
revised  plant  layouts  and  new  standards  of  personnel  training  and 
quality  assurance. 

There  are  many  other  exanples  I  could  cite  of  the  system  working 
properly.  However,  I  merely  ask  this  committee  and  the  American  people 
to  remember  the  positive  as  well  as  the  failures  that  led  to  the  tragedy 
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of  the  28th  of  January.  During  my  tenure,  I  felt  the  NASA  team  — 
government  and  contractors  —  always  did  more  than  asked.  At  no  time 
did  I  ever  encounter  anyone  who  did  not  put  flight  safety  first  and 
foremost  in  their  considerations. 

As  I  stated  earlier,  the  commission's  recornmendations  are  valid  and 
sound  and  I  believe  they  are  being  effectively  inplemented  by  NASA. 
However,  I  would  also  like  to  point  out  that  many  aspects  of  these 
recommendaticxis  have  long  been  incorporated  in  NASA  management 
procedures.  The  program  manager,  by  definition,  has  the  necessary 
authority  to  get  the  job  done.  What  the  program  manager  must  ensure  is 
that  program  objectives  do  not  get  blurred  in  transmitting  them  through 
necessary  channels,  including  the  Office  of  Management  and  Budget  and 
the  Congress.  The  program  manager  must  further  recognize  that  there 
will  be  a  constant  need  to  check  that  directives  are  adequately  carried 
out  and  he  must  also  recognize  that  he  is  an  inportant  cog,  but, 
nonetheless,  only  one  cog  in  a  vital,  dynamic  system. 

Throughout  my  tenure,  astronauts  were  in  key  program  office  positions 
and  one  served  as  an  Assistant  Associate  Administrator  in  the  Office  of 
Space  Flight.  In  addition,  no  one  could  have  been  more  visible  or  more 
involved  in  the  NASA  decision  making  process  than  were  Deke  Slayton  and 
later,  John  Young.  Both  made  inportant  management  contributions  and 
both  were  important  team  members. 

I  am  pleased  that  the  commission  reconmended  greater  visibility  of 
the  NASA  safety  and  quality  assurance  organizations.  These  are  people 
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whose  inportant  cxxitributions  are  often  not  very  visible  in  any 
technical  effort  and  they  must  be  key  ingredients  within  the  decision 
making  process.  I  recall  that  when  we  established  the  inportant  Dakar 
Contingency  Landing  Site,  Mr.  Beggs  and  I  insisted  that  the  Kennedy 
Space  Center  Deputy  Director  for  Safety,  Security,  and  Quality  serve  as 
one  of  the  site's  initial  team  chiefs.  He  served,  did  a  tremendous  job 
and  we  all  breathed  easier  for  his  insight  and  his  leadership. 

I  agree  ccrtpletely  with  the  commission  that  there  must  be  effective 
conmunications  access.  To  avoid  a  fatal  communications  breakdown, 
managers  at  all  levels  must  have  access  to  key  NASA  officials.  This 
access  can  be  accoiplished  within  the  current  chain  of  command. 
However,  it  must  be  facilitated  through  communication  devices  and 
encouraged  by  an  atmosphere  that  motivates  the  managers  to  come  forward 
with  problems.  The  final  result  of  a  beneficial  commune i at ions 
atnosphere  must  be  a  corplementary  relationship  between  the  program 
managers,  functional  staffs,  and  using  and  support  organizations. 
Nonetheless,  this  process  can  be  successful  only  if  the  managers  are 
willing  to  accept  responsibility  for  their  decisions,  whether  they  are 
reached  individually  or  by  concensus. 

I  don't  believe  that  the  Challenger  accident  or  the  media  reporting 
has  significantly  eroded  the  American  people's  fundamental  confidence 
and  support  of  the  Space  Shuttle  program.  However,  this  confidence  and 
support  will  endure  only  as  long  as  we  demonstrate  a  willingness  to 
respond  positively  to  our  new  challenge.  For  example,  the  Presidential 
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Comnission  and  NASA  have  identified  severed  problems  and  they  have 
identified  several  corrective  acticsis.  Success  in  resolving  these 
problons  must  extend  across  the  board.  The  solutions  must  involve  the 
Space  Transportation  System  as  a  whole,  including  pay load  and  facilities 
in  space.  The  proposed  solutions  must  examine  every  aspect  of  shuttle 
operations,  including  turnaround  times,  productivity  enhancements,  and 
the  need  for  a  new  orbiter. 

If  we  dc»n't  succeed,  then  our  nation  (and  the  free  world)  will  be 
driven  back  to  an  overwhelming  reliance  on  expendable  launch  vehicles. 
In  my  opinion,  we  will  then  have  taken  a  major  step  backward.  Without 
the  Shuttle,  we  will  revisit  the  sixties  and  the  seventies  and  we  will 
have  failed  to  capitalize  on  the  tremendous  opportunities  that  the 
Shuttle  program  presents  in  urproving  the  quality  of  life  for  all 
mankind. 

The  Challenger  tragedy  has  not  been  our  only  recent  launch  vehicle 
system  failure.  As  we  eill  know,  our  space  program  has  been  further 
crij^led  by  two  Titan  accidents  and  the  failure  of  an  "old-reliable" 
Delta;  the  European  space  effort  has  suffered  the  loss  of  an  Ariane 
rocket.  Although  some  of  these  were  recently  manufactured  vehicles, 
there  is  at  least  one  conrTon  link  to  these  failures.  The  problems  (that 
we  are  aware  of)  have  all  occured  in  subsystems  that  represent  older 
technology.  The  solid  rockets,  the  electronic  conponents,  the 
mechanical  designs  are  all  representative  of  1970  technologies  and  not 
of  what  we  can  do  today. 
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There  is  a  lesson  that  can  be  drawn  fran  the  Commission  Report.  That 
lesson  is  that  we  must  cxantinue  to  invest  people  and  resources  into 
research  and  the  creative  process  of  inplementing  research  results  into 
new  and  safer  designs,  inproved  methods  of  testing  and  quality 
assurance,  and  most  of  all,  in  allowing  our  talents  to  be  used  to  their 
utmost. 

It  is  not  enough  to  assume  that  because  a  machine  worked 
properly  before  that  it  will  work  properly  again.  If  the  machine 
fails,  it  is  not  enough  to  assert  that  a  management  fix  is  all 
that  is  required  to  correct  the  problem.  Ladies  and  gentlemen  of 
this  important  committee,  everyone  of  you,  everyone  of  us  has  the 
challenge  and  the  responsibility  to  not  merely  fix  blame,  but  to 
provide  every  possible  measure  of  support  to  NASA  and  the  vital 
space  program.  First,  it  means  a  fundamental  appreciation  of  the 
cadre  of  pioneers  who  have  built  a  part  of  our  national  space 
program  that  has  been  the  pride  of  America  and  the  world.  Second, 
it  means  that  we  must  provide  the  resources  to  restore  the  space 
shuttle  program  as  well  as  to  broaden  our  expendable  launch 
vehicle  fleet  .  .   .  and  this  means  investment  in  modernization  as 
well  as  buying  more  of  the  same.  Third,  it  means  that  we  must 
provide  a  declaration  of  support  for  our  sp^ace  programs,  one  that 
acknowledges  that  all  of  these  programs  contribute  to  a  better 
quality  of  life  on  earth.  This  would  be  in  the  spirit  of  our 
Challenger  pioneers  and  it  wDuld  be  the  bond  of  faith  with  future 
generations. 
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Mr.  Roe.  Well,  I  thank  the  General  for  an  excellent  overview,  an 
excellent  statement. 

As  you  know,  the  committee  has  been  pursuing  this  matter  in 
three  directions,  and  hopefully  we  are  coming  down  to  the  end  of 
our  review.  We  have  been  looking  at  the  detailed  technological  fac- 
tors relating  to  the  accident  per  se,  which  you  touched  upon  in  part 
in  your  statement. 

Second,  which  you  have  also  spoken  to  at  some  length,  is  the 
management  and  communications  issues  involved  within  the  orga- 
nizational structure  itself. 

Third,  which  is  probably  the  most  important  one,  is  to  see  what 
our  both  short-  and  long-range  policy  is  going  to  be,  because  that  is 
the  engine  that  is  going  to  drive  what  steps  will  be  taken  by  the 
executive  branch  and  the  Congress,  as  we  see  it,  to  get  you  back  to 
where  we  should  be  in  the  Space  Program. 

Now,  having  said  that,  I  think  it  would  be  profitable  if  you  could 
expand  further.  In  an  interview  you  gave  to  the  Presidential  Com- 
mission under  the  date  of  April  18,  1986,  which  I  thought  was  a 
very  adroit  interview,  pointing  out  your  observations  as  to  manage- 
ment problems,  on  page  11  of  that  report  you  made  the  point  that, 
and  I  quote,  "I  was  appalled  when  I  got  there"— meaning  your  as- 
signment to  NASA— "to  see  how  tough  it  is  to  get  operations  be- 
tween Marshall  in  one,  Johnson  in  one,  the  Cape  in  one."  The  Cape 
gets  caught  in  the  middle,  but  that  is  another  one. 

Then  you  go  on  to  say,  further  down— it  is  very  interesting  to  me 
because  if  level  two,  as  we  go  through  this  thing,  is  still  a  prob- 
lem—you speak  to  level  two.  "We  worked  very  hard  with  what  we 
call  the  level  two  organization  to  make  that  work;  but  since  it 
wasn't  working  the  way  I  wanted  it,  I  spent  a  lot  of  time  personally 
down  into  the  bowels  of  the  organization.  We  were  going  into  the 
astronaut  office  and  working  with  those  guys,  too." 

Give  us  your  observations.  We  see  the  management  issue  to  be  a 
very  important  one,  and  particularly  with  the  interchange  of  the 
information  it  is  now  a  vast  organization.  You  have  four  or  five  dif- 
ferent major  centers,  and  hundreds,  if  you  like,  of  hardware  pro- 
ducers and  manufacturers. 

Would  you  explain  a  little  further  what  your  observations  were? 
Is  it  because  you  were  there  that  you  gave  your  personal  attention, 
at  every  level? 

I  noted  you  were  at  the  Cape  when  they  launched,  and  you  were 
back  to  California  when  they  landed,  and  you  were  actually  dy- 
namically with  it  all  along  the  line. 

Has  some  of  that  dynamicism  been  lost?  Is  the  organization  too 
big  and  too  inflexible  to  be  able  to  apply  modern  management  tech- 
niques, or  what  should  we  be  doing  in  that  area? 

General  Abrahamson.  I  am  not  sure  that  there  is  a  rulebook 
answer  for  that,  sir. 

It  is  true  that  when  any  organization  is  formed,  it  is  formed  to 
help  you  accomplish  a  particular  task.  By  the  same  token,  once  it 
is  there,  it  develops  momentum  and  procedures  and  impediments, 
sometimes,  to  exactly  what  you  would  like  to  have,  a  dynamic  and 
modifying  organization  for  the  challenges  of  the  future.  That  is 
always  difficult. 
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I  believe  that  we  had  an  organization  that  was  designed  for  the 
development  of  the  shuttle,  and  when  we  got  there,  since  it  was 
only  the  second  flight,  that  we  had  a  tremendous  change  of  atti- 
tude that  we  had  to  be  able  to  create,  and  that  was  to  create  an 
organization  that  would  think  in  terms  of  operations  of  the  shuttle 
and  overcome  the  flight  test  problems. 

I  would  like  to  emphasize  flight  test,  because  this  is  and  will 
remain  for  actually  the  life  of  the  shuttle,  if  you  compare  to  an  air- 
craft flight  test  program,  a  very  different  thing  than  I  think  some 
of  the  expectations  were.  In  an  aircraft  program,  we  never  consider 
that  the  machine  is  operational  in  terms  of  seizing  flight  tests  until 
perhaps  300,  400  flights;  and  then  we  begin  to  take  the  first  oper- 
ational squadron  for  a  military  aircraft,  or  we  begin  to  put  in  serv- 
ice the  first  operational  airliner.  So,  we  have  many  hundreds  of 
flights. 

However,  that  wasn't  possible  for  a  spacecraft  program  with  such 
a  small  number  of  flights.  What  we  had  to  do  was  continue  what  is 
essentially  a  flight  test  program  at  the  same  time  we  were  conduct- 
ing an  operational  program,  operational  in  the  sense  that  we  were 
carrying  productive  payloads;  not  that  the  flight  test  risk  had  gone 
away.  So,  therefore,  we  had  to,  in  fact,  change  that  development  at- 
titude into  one  that  was  dynamic  and  responsive  to  this  flight  test 
challenge.  That  was  difficult. 

I  had  some  luxuries  during  my  time  in  that  we  were  not  sched- 
uled with  missions  as  often  as  came  later  on,  and  that  allowed  us, 
in  fact,  I  think,  to  spend  more  time — it  allowed  me  opportunities  to 
work  at  all  levels  personally  in  the  organization.  That,  obviously, 
had  to  be  another  change  that  had  to  come  after  I  departed  when 
the  flight  rate  began  to  get  much  higher. 

Mr.  Roe.  What  I  am  trying  to  develop,  so  that  other  Members 
can  build  on  it,  is  that  you  stated  in  your  statement  that  the  com- 
mission, as  I  recall  it — you  came  back  and  said  there  are  two 
things  that  have  to  be  recognized;  I  think  you  reiterated  that 
today:  that  the  Space  Shuttle  Program  in  effect  is  still  a  R&D  pro- 
gram. 

General  Abrahamson.  Yes,  sir. 

Mr.  Roe.  You  mentioned  in  your  testimony  before — you  said, 
well,  when  we  were  looking  for  the  hydrogen  leak,  that  gave  rise — 
that  dynamic  gave  rise  to  a  review,  a  host  of  other  anomalies  we 
had  to  get  into,  and  help  resolve  those  other  problems  as  we  went 
along. 

So,  as  criticality  items  become  understandable,  if  you  like,  and  as 
you  attacked  the  criticality  items,  and  so  forth,  that  spread  out, 
that  technology  kept  spreading  out,  and  improvements  going  on, 
and  so  forth. 

I  remembered  also  in  your  testimony  when  you  mentioned  they 
took  the  covers  off  some  of  the  mechanisms  of  the  shuttle  system, 
that  you  were  shocked  and  also  appalled  as  to  what  was  under 
those  covers,  as  I  remember  it. 

I  just  want  you  to  know  I  reviewed  your  testimony  quite  thor- 
oughly. 

General  Abrahamson.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  You  make  a  very  important  point,  because  I  think  the 
management  issue  becomes  important  to  this  body.  You  mentioned 
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if  we  are  still  talking  about  R&D,  and  we  are  talking  about  the 
future,  the  short-term  future  of  the  Space  Program,  is  it  fair,  from 
your  observation,  to  say,  yes,  it  is  truly  still  R&D  as  we  go  along, 
and  we  improve  and  we  do  our  criticality— you  improved  the  en- 
gines, as  I  recall  it,  redesigned  them  completely,  and  so  forth. 

General  Abrahamson.  Yes. 

Mr.  Roe.  So,  we  are  constantly  upgrading  the  capability  of  the 
shuttle  per  se. 

Is  that  a  fair  commentary  to  make? 

General  Abrahamson.  I  think  that  has  to  be  the  attitude  and  the 
perspective  on  the  Shuttle  Program,  because  even  after  several 
years— remember,  at  the  time  of  this  flight  we  had  25  flights  essen- 
tially, and  that  is— if  you  take  an  airplane,  if  I  take  the  F-16,  for 
example,  which  I  was  responsible  for,  at  25  flights  we  had  just 
barely  begun  to  explore  the  envelope  and  the  performance  of  the 
machine.  That  is  a  technology  we  understand. 

We  have  built  dozens  and  dozens  and  dozens  of  airplanes.  We 
have  only  built  one  space  shuttle. 

Mr.  Roe.  Let's  build  on  that  now.  Let  me  say,  well,  if  we  recog- 
nize we  have  this  space  shuttle,  and  the  only  way  we  are  going  to 
be  able  to  test  it  is  literally  fly  it,  therefore  we  find  these  different 
anomalies  and  problems  as  we  go  along.  So,  we  are  still  in  R&D, 
really,  essentially. 

General  Abrahamson.  That  is  correct,  sir. 

Mr.  Roe.  Then,  the  second  point— now  I  get  to  management— the 
second  point  comes  back  and  says,  yes,  but  then  NASA,  somebody 
in  NASA,  made  a  command  decision  that  now  that  we  have  the 
shuttle  constructed,  we  ought  to  provide  a  different  mechanism  of 
management  so  that  we  can  get  on  with  the  operation  of  the 
system  and  not  the  same  type  of  research  approach  we  were  taking 
before,  vis-a-vis  flying  airlines,  that  type  of  thing. 

We  are  now  on  a  payload  situation,  and  we  are  going  to  go  ahead 
and  fly,  and  we  are  going  to  be  out  there  with  a  different  coordi- 
nated team.  They  entered  into  the  concentrated  contract,  if  you  re- 
member, the  consolidated  contract  down  there. 

Some  members  have  testified— some  of  the  different  people  who 
testified  said  they  felt,  the  manufacturers,  when  that  management 
system  was  decided,  that  they  felt  left  out;  that  they  didn't  feel 
they  were  able  to  reach  into  the  management  people  as  they  did 
before.  With  that  new  method  of  approach,  sort  of  the  airline  ap- 
proach, we  are  going  to  go  out  and  fly  on  a  schedule  now. 

Do  you  understand  where  I  am  coming  from? 

General  Abrahamson.  OK.  I  understand  that. 

I  would  like  to  comment  on  that,  sir. 

Mr.  Roe.  Was  the  decision  that  was  made  finally,  in  the  oper- 
ational, coordinated  operational— did  it  go  so  far  that  it  did  cut  out 
communications  and  kept  the  manufacturers  and  kept  many  of  the 
key  officials  from  knowing  what  the  facts  were? 

General  Abrahamson.  I  don't  believe  that  was  the  case,  sir.  In 
fact,  when  the  consolidated  operations  contract  was  conceived  and 
put  together  down  at  the  Cape,  which  of  course  was  the  first  of 
those,  the  one  major  exception  to  the  full  consolidated  operation 
was  the  mating  of  the  solid  rockets.  That  was  retained  at  Thiokol. 
That  responsibility  was  retained  in  that  contract. 
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I  am  sure  that  there  may  have  been  a  feeling — and  I  can't 
counter  those  who  honestly  felt  that  they  didn't  have  that  full 
access — but  the  system,  as  such,  I  don't  believe  relieved  them 
either  of  the  authority  and  responsibility  to  make  inputs,  and  to 
make  those  inputs  timely  and  correctly  for  the  entire  launch  or  for 
each  launch. 

Mr.  Roe.  Where  I  am  trying  to  come  from  is — I  respect  your 
opinion,  of  course.  But  every  one  of  the  key  manufacturers  that  tes- 
tified that  day  came  back  and  said  the  same  thing — that  both  indi- 
vidually and  as  a  group  that  they  felt  when  that  change  was  made 
that  they  lost  part  of  the  continuity  and  part  of  the  response,  as  far 
as  their  ability  to  be  able  to  participate.  They  felt  that  way. 

Now,  whether  it  was  that  they  felt  that  way  or  whatever,  that  is 
what  they  said. 

General  Abrahamson.  I  am  sure  they  did,  but  I  would  like  now, 
since  I  am  supposed  to  comment  on  the  Rogers  Commission 
report 

Mr.  Roe.  Right. 

General  Abrahamson  [continuing].  That  the  Rogers  Commission 
report  did  not  comment  and  say  that  the  cause  of  this  particular 
accident  was  related  in  any  way  to  that  particular 

Mr.  Roe.  Nor  am  I  suggesting  that.  The  Rogers  Commission 
report  went  further  and  said  the  preponderance  of  their  attention 
was  directed  to  the  accident  and  what  happened.  But  they  brought 
up  a  number  of  peripheral  recommendations,  and  one  of  the 
strongest  recommendations  they  brought  up  was  management. 

General  Abrahamson.  Yes. 

Mr.  Roe.  You  recall  that. 

I  am  just  speaking  to  the  general  point  of  management,  not  in 
any  way  trying  to  say  the  management  issue  alone  was  responsible 
for  this  accident,  because  it  was  part  of  it.  But  it  wasn't  the  whole 
thing. 

You  make  one  more  comment,  and  I  will  follow  up  on  some  of 
my  questions,  but  I  want  to  follow  the  continuity.  If  you  are  speak- 
ing to  the  point  of  view  of  now  we  have  got  a  flying  machine,  such 
as  the  F-16,  unquote,  we  can  now  increase  the  number  of  flights 
involved 

General  Abrahamson.  Yes. 

Mr.  Roe  [continuing].  And  we  feel  we  will  set  up  this  manage- 
ment program.  We  can  expedite  it,  run  smoother,  so  forth,  and  so 
on. 

On  the  other  hand,  we  kind  of  got  apples  and  bananas  here.  On 
one  hand,  we  are  saying  it  is  an  R&D  program.  Really,  we  are  not 
that  far.  And  yet,  was  the  attitude  such  we  will  have  to  boost  up 
these  flights  even  as  we  go  along,  check  our  safety,  anomalies,  and 
so  forth;  now  we  are  going  to  increase  the  number  of  flights  that 
are  involved,  considerably  so,  as  to  what  was  originally  planned. 

It  seems  when  you  start  looking  at  some  of  your  own  testimony 
and  others'  relating  to  the  sand  storms  and  the  problems,  and  the 
rain  storms  that  were  involved,  and  different  landing  sites,  and  so 
forth  and  so  on,  do  you  think  that  pressure  was  too  great  on  the 
NASA  management  system  at  that  point,  or  were  expectations  too 
high?  Were  we  trying  to  do  too  much  in  too  short  a  time? 
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General  Abrahamson.  During  my  tenure,  I  did  not  feel  that  that 
was  the  case. 

Mr.  Roe.  You  didn't  have  as  many  flights,  either. 

General  Abrahamson.  Pardon  me? 

Mr.  Roe.  You  didn't  have  as  many  missions,  either. 

General  Abrahamson.  No,  sir.  I  was  there  and  was  responsible 
the  2nd  through  the  13th  mission.  At  that  point,  we  not  only  dealt 
with  that  part  of  the  program,  actually  the  subsequent  planning 
for  future  flights  had  been  dramatically  reduced,  I  think,  back  to  a 
much  more  realistic  scale  than  what  was  planned  and  talked  about 
when  the  Shuttle  Program  was  first  conceived.  It  was  considered  to 
be  truly,  I  think  misunderstood,  that  it  would  be  an  airline  type  of 
operation. 

That  didn't  mean  that  we  shouldn't  have  a  goal  of  getting  those 
flights  off  on  time,  properly,  and  as  quickly  as  possible  and  as  effec- 
tively as  possible,  but  never  with  the  attitude  that  one  would  com- 
promise safety. 

I  remember  very  well  some  of  the  derision  that  we  got  in  the 
press  in  those  early  times  when  we  would  slip  the  flight  or  slip  the 
flight  for  that  for  some  of  the  various  technical  problems  that  we 
had,  but  we  did  it.  It  wasn't  a  matter  of  overresponding  to  the 
press.  It  was  a  matter  of  solving  the  problems  and  running  this  bal- 
ance between  having  to  fly  in  order  to  understand  the  machine  and 
the  capability  of  the  entire  system,  at  the  same  time  insuring  that 
we  would  fly  safely. 

Mr.  Roe.  But  part  of  the  driving  force  had  to  do  with  the  eco- 
nomics of  the  system,  too.  In  other  words,  I  am  thinking  to  the  on- 
going agreement  between  the  Air  Force  and  NASA  as  far  as  mili- 
tary satellites  are  involved.  I  am  thinking  about  funding  coming 
into  NASA,  in  effect  acting  as  a  contractor,  so  to  speak,  both  for 
national  and  international  interests,  selling  their  services,  which 
they  were  directed  to  do. 

General  Abrahamson.  Yes. 

Mr.  Roe.  I  am  just  wondering  if  that  kind  of  pressure  becomes  so 
great  that  it  hurts  in  the  Safety  Management  Program— in  other 
words,  if  we  don't  get  launched,  we  are  not  going  to  finish  those. 
Therefore,  the  funding  that  is  coming  into  NASA  to  keep  NASA 
going,  and  the  things  we  are  doing  in  NASA,  could  be  curtailed. 
We  would  have  to  cut  back  some  place  along  the  line,  which  I 
think  gave  rise  to  that  attitude  vis-a-vis  the  testimony  we  had  on 
cannibalization  of  parts  from  the  different  orbiters,  the  fact  there 
weren't  enough  spare  parts  to  go  around,  and  so  forth. 

I  am  just  trying  to  generate,  in  your  own  thought  process,  as  if 
our  expectations  were  too  high  and  we  had  other  things  driving  it, 
the  financing  of  it,  the  communications  in  it,  would  Congress  pro- 
vide the  funding,  did  we  have  to  go  to  the  outside  to  raise  funds  to 
be  able  to  keep  us  going,  we  pirated  parts,  we  cannibalized  parts,  et 
cetera. 

General  Abrahamson.  I  believe — again,  if  I  can  go  to  my 
period — and  obviously  some  of  that  can  be  extrapolated  after- 
wards—we clearly  had  in  the  early  flight  phase,  when  I  was  there, 
a  tremendous  shortage  of  spare  parts.  We  had  not  understood  or 
anticipated  properly  or  funded  in  the  early  years,  which  was  prior 
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to  the  first  flight  even,  a  proper  bank  of  spare  parts  in  order  to  run 
the  program. 

So,  in  that  sense,  yes,  it  was  clearly  underfunded.  We  came  back 
and  increased  in  our  budget  requests  every  year  the  amount  of 
spares. 

In  addition  to  that,  we  asked  for — I  specifically  asked  for  an 
engine  improvement  program  where  we  had  a  three-phase  im- 
provem.ent  program  for  the  engine,  which  I  thought  at  that  time 
was  going  to  be  one  of  the  major,  major  problems,  and  clearly  still 
is  a  major  problem.  So,  yes,  it  was  underfunded. 

Now,  were  some  of  the  factors  of  that  underfunding,  a  concern 
generated  by  you  that  we  had  to  have  an  income  source?  I  think 
that  is  a  subjective  judgment.  It  is  hard  to  make.  However,  I  do  be- 
lieve that  the  funding  concept,  the  industrial  funding  concept  that 
was  implemented,  was  not  the  kind  of  a  funding  concept  that  pro- 
vides confidence  and  support  and  consistent  forward  planning  that 
would  allow  you  then  to  say  I  know  that  I  can  properly  invest  in 
spares  at  a  time  that  will  keep  the  production  lines  open,  so  that 
you  can  have  those  spares  at  a  time  that  is  consistent  with  your 
increased  flight  rate. 

The  investment  in  spares  that  we  were  trying  to  make  in  my 
timeframe  was  to  make  up  for  the  shortages  in  the  beginning,  as 
well  as  to  lay  in  spares  for  the  subsequent  phases  when  the  flight 
rates  would  go  up.  There  was  difficulty. 

And  I  believe  that  if  you  consider  a  policy  change,  one  of  those 
policy  changes  should  be  in  the  area  of  the  industrial  fund  concept. 
I  think  >ou  need  to  provide  constant  planning  and  a  constant 
source  of  funding  over  a  period  of  time  so  that  there  isn't — is  not 
the  pressure  of  trying  to  sell,  because  obviously  you  want  the  pro- 
gram to  be  productive. 

Mr.  Roe.  That  is  precisely  the  point  I  am  coming  from,  from 
management,  because  that,  to  me,  is  all  management.  For  example, 
the  committee  has  held  hearings  going  back  some  time — if  my 
members  will  forgive  me,  I  think  this  is  an  important  line  we  want 
to  get  to— where  they  really  not  only  encouraged,  but  put  pressure 
on  NASA  to  buy  the  spare  parts  and  get  the  spare  parts.  But,  for 
some  reason  or  other,  that  just  didn't  happen.  That,  to  me,  has  got 
to  be  a  management  problem. 

You  go  back  to  your  time  and  your  phase — and,  believe  me,  this 
is  purely  clinical,  nothing  to  you  personally — if  you  look  at  the 
time,  decisions  in  management  have  to  anticipate  how  the  business 
is  going  to  run,  I  would  think. 

General  Abrahamson.  Yes. 

Mr.  Roe.  Then  the  question  is.  Congress  felt  it  was  very  generous 
and  excited  about  what  was  being  done  in  NASA  in  our  Space  Pro- 
gram, and  we  are  not  pecuniary  in  providing  the  resources. 

I  don't  see  any  great  fights,  at  least  in  my  time  here,  on  the  floor 
of  the  House,  where  people  said,  well,  we  will  cut  NASA  back,  cut 
NASA  back,  cut  NASA  back.  Quite  the  converse.  So,  something  be- 
tween the  beginning  of  the  program  and  the  dynamics  and  the  ex- 
citement and  the  safety  end  of  it,  until  we  progressed,  as  the  pro- 
gram, quote,  unquote,  begins  to  mature,  some  either  attitudinal  or 
management  relationship  to  foresee  what  was  down  the  road,  to 
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understand  what  we  needed  to— the  expectation  of  this  program  is 
lost. 

That  is,  I  think,  what  the  commission  is  saying,  and  that  is  what 
we  are  trying  to  explore.  We  are  not  trying  to  blame  anybody.  We 
are  coming  back  and  saying  if  we  go  to  the  Congress  and  say  yes, 
we  need  that  fourth  orbiter,  we  need  it  for  these  reasons,  and  so 
forth,  we  have  got  to  be  able  to  stand  on  that  floor  and  say  here  is 
what  is  happening,  and  here  is  what  has  happened,  here  is  what 
has  been  corrected. 

We  hope  to  call  Director  Fletcher  back  again  to  talk — he  has 
given  us  a  30-day  report  to  the  President,  as  you  know.  OK,  now 
let's  go. 

What  are  we  really  doing  in  management?  Have  we  scrapped  the 
idea  of  an  airline  approach?  It  is  not  an  airline.  It  is  an  R&D  vehi- 
cle. 

I  will  go  to  the  last  item  which  is  an  item  you  mentioned  in  your 
direct  testimony  here.  You  spoke  of  older  technology.  We  have  had 
people  who  have  testified,  including  some  of  your  colleagues.  They 
have  said  they  did  not  feel  we  were  dealing  in  antiquated  technolo- 
gy. 

One  school  of  thought  goes  as  follows:  Here  is  antiquated  tech- 
nology, 1960,  1970  technology.  Should  we  take  a  whole  redirection 
now  and  go  to  the  Orient  Express  approach,  or  however  we  take  it, 
a  whole  new  thing,  slow  down  the  program,  not  build  the  fourth 
orbiter,  get  this  thing— let's  get  a  new  method  going  and  a  new 
flight  system? 

Some  people  come  back  and  say,  well,  that  is  not  really  true,  in 
their  testimony.  They  say  we  have  been,  as  you  indicate  here,  up- 
grading, as  we  found  these  problems;  we  have  been  correcting  them 
as  we  have  gone  along,  and  we  are  really  not  truly  dealing  in  1960, 
1970  technology. 

Now,  to  bring  it  full  circle,  you  come  up  and  say  the  problem — 
quote,  the  problems  we  are  aware  of  have  all  occurred  in  subsys- 
tems that  represent  older  technology.  The  solid  rockets,  the  elec- 
tronic components,  the  mechanical  designs,  are  all  representative 
1970  technology,  and  not  of  what  we  can  do  today. 

Now,  I  would  like  to  have  a  little  dissertation  on  that,  if  you  can, 
because  that  approach  is  going  to  determine  what  our  short-range 
solution  is;  how  do  we  get  back  into  space  with  inventory  and  intel- 
ligence and  the  military,  and  so  forth.  How  do  we  create  a  balanced 
system?  What  do  we  tell  the  Congress  they  ought  to  be  doing  in  the 
first  thing,  short-range  policy? 

General  Abrahamson.  In  terms  of— I  believe,  contrary  to  what 
the  others  may  have  said,  that  in  fact  those  systems  are,  in  fact, 
older  designs.  They  are  built  on  older  margins  of  safety,  older  me- 
chanical concepts,  O-ring  seals,  those  kinds  of  things.  Those  con- 
cepts were  devised  in  the  early  1970's  and  are  still  inherent  in 
these  vehicles. 

At  the  same  time,  you  should  not  throw  away  the  safety  record 
or  the  working  record  of  some  of  those  particular  kinds  of  systems. 
But  we  are  making  advances  in  technology,  and  I  don't  mean  by 
that  that  we  ought  to  not  build  a  fourth  orbiter  or  not,  in  fact, 
build  more  Deltas  or  use  our  resources  that  we  have  and  the  record 
that  they  have.  We  should. 
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But,  what  we  should  do  is,  we  should  use  our  advanced  capability 
to  insure  that  those  systems  work  right,  or  to  correct  where  they 
are  weak. 

Let  me  give  you  some  examples.  Some  of  our  greatest  advances 
in  technology  that  I  am  seeing  in  the  strategic  defense  initiative 
and  in  other  areas  are  in  quality  assurance,  new  techniques  to  ex- 
amine machines  that  see  that  the  quality  assurance  is  right  and 
correct. 

While  I  was  in  the  Shuttle  Program,  I  was  very  worried  about 
the  external  tank.  The  external  tank  was  the  only  component  that 
we  did  not  get  back  every  time.  And  because  we  didn't  get  that 
back  every  time,  we  didn't  have  the  luxury  of  being  able  to  use 
pcstflight  analysis  properly  to  pinpoint  and  look  ahead  to  see  prob- 
lems that  were  coming  ahead. 

In  making  the  external  tank,  one  of  the  major  problems  is  auto- 
mated welding,  welding  of  aluminum  structures.  While  we  were 
there,  we  could  see  that,  using  human  beings  there,  introduced 
human  variability  into  that  process.  So,  we  added  automated  weld- 
ing processes  down  at  the  mission  facility,  and  they  have  made  a 
great  start,  and  they  are  doing  well. 

But  right  now,  today,  up  at  the  Idaho  engineering  laboratory,  I 
saw  about  a  month  and  a  half  ago  new  techniques  for  insuring  that 
automated  welding — that  you  can  maintain  the  highest  level  of 
quality  control,  new  techniques  for  it,  being  able  to  document  that 
quality,  being  able  to  measure  the  puddle  itself  as  the  weld  devel- 
ops, techniques  for  being  able  to  measure  the  depth  and  the  tem- 
perature penetration. 

The  first  thing  I  did  was  to  say  that  technique  ought  to  be 
brought  to  NASA's  attention,  and,  in  fact,  I  called  people  at  NASA 
worried  about  exactly  that.  So,  please  do  not  misinterpret  my  plea 
for  new  and  better  technology  for  only  abandoning  all  of  the  old, 
because  then  we  will  never  have  a  short-term  solution. 

We  have  to  come  to  a  practical,  short-term  solution.  But  there 
are  new  kinds  of  techniques  that  will  help  us  to  make  that  older 
technology  work  and  to  be  more  effective. 

The  Titan  failure,  one  of  them  occurred  because  of  one  of  the 
seals  that  was  over  the  solid  rocket  propellant.  The  inspection  tech- 
nique for  that  was  no  different  from  the  inspection  technique  we 
have  used  for  years  and  years  and  years. 

We  now  have  new  techniques,  ultrasonic  techniques.  We  have 
many,  many  techniques  that  we  can  use  and  apply  to  insure  that 
those  kinds  of  things  work.  Now,  that  requires  an  investment  in 
both  research,  for  some  of  these  new  techniques,  and  then  an  in- 
vestment in  capital  spending,  to  bring  that  technique  available  and 
to  bring  it  to  bear  on  the  manufacturing  line.  That  is  what  we  did 
on  the  engine. 

When  we  found  the  welding  problem  I  talked  about  and  the  qual- 
ity assurance  project  at  Rocketdyne,  I  went  back  to  Rocketdyne 
and  said,  "I  want  you  to  invest  in  new  automatic  welding  equip- 
ment, and  I  want  us  to  see  if  we  can  understand" — and  perhaps  I 
overstated  a  little  bit — "a  national  welding  initiative." 

Whoever  heard  of  a  national  welding  initiative?  That  sounds 
very  prosaic.  But  it  was  important. 
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And  now,  if  you  go  to  Rocketdyne,  you  will  see  that  that  compa- 
ny and  the  machinery  that  is  there— and  it  took  several  years  to 
implement  it,  by  the  way— but  is  a  completely  different  approach 
to  the  fundamental  way  in  which  the  engine  was  manufactured  for 
the  first  engines,  and  back  when  we  were  working  the  engine  prob- 
lem, the  welding  issue,  which  had  many,  many  unknowns,  and  we 
were  on  the  edge  of  what  a  human  being  can  do,  but  that  the 
design  required. 

So,  we  made  that  investment.  We  made  it  then,  and  it  has  made 
a  difference  now. 

We  also  invested,  through  the  Science  and  Technology  Program 
at  NASA,  in  improved  parts  for  the  engine,  and  that  is  now  being 
implemented.  They  are  not  all  there  yet,  but  there  has  to  be  an  in- 
vestment to  buy  those  new  parts  for  the  future. 

So,  when  I  talk  about  new  research,  and  applying  those,  I  am  not 
advocating  only  that  we  go  to  a  futuristic  system.  By  the  way,  we 
might  have  to  do  that  as  a  nation,  too.  So  that  means  that  there  is 
a  requirement  to  invest  in  research.  In  fact,  that  is  what  makes  our 
Nation  work.  That  is  why  our  capitalistic  system  works  in  the  pri- 
vate economy,  because  people  do  make  those  investments. 

Mr.  Roe.  Does  the  gentleman  recognize  there  is  both  a  short- 
range  policy  decision  to  go  through  and  a  long-range  policy? 

General  Abrahamson.  Yes. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  and 
our  minority  member  from  New  Mexico. 

Mr.  LujAN.  Thank  you,  Mr.  Chairman. 

General,  following  up  on  this  business  of  new  techniques  and 
new  and  better  ways  of  doing  things,  I  also,  you  know,  was  looking 
at  your  statement  and  talking  about  older  technology.  You  men- 
tioned the  0-ring  situation,  and  that  has  been  around  for  a  long, 
long,  long,  long  time.  Not  that  those  of  us  who  have  been  here  for  a 
long  time  don't  feel  just  because  something  has  been  around  for  a 
long  time  you  ought  to  get  rid  of  it,  but  you  ought  to  be  analyzing 
it. 

What  I  get  from  a  lot— visiting  with  people— is  that  there  are 
better  ways,  better  ideas  of  building  those  solid  rocket  boosters 
rather  than  this  0-ring  situation. 

In  your  SDI  experience,  with  such  forward-looking  technologies 
that  you  look  at,  do  you  feel  there  is  a  different  way  of  doing  it? 

General  Abrahamson.  Yes,  sir,  I  have.  I  have  not  studied  the 
joint  particularly  in  great  depth,  although  I  have  seen  some  alter- 
nate near-term  fixes  that  NASA  has  talked  about,  and  in  fact,  I 
have  given  my  opinions  about  some  of  those. 

I  do  know  that  the  agency— and  obviously  Mr.  Moore  and  NASA 
officials  should  comment  in  detail— has  looked  at  a  whole  range  of 
different  designs,  but  I  think  we  have  to  go  further  than  designs. 
We  have  to  ensure  that  we  apply  the  technology  to  the  manufac- 
turing process  to  ensure  that  those  designs  will  not  only  remain 
safe  in  the  short  term,  but  in  the  long  term  as  well. 

Mr.  LuJAN.  Let  me  ask  you  what  you  mean— maybe  you  can 
expand  on  it.  It  says,  "The  program  manager  by  definition  has  the 
necessary  authority  to  get  the  job  done.  What  the  program  manag- 
er must  ensure  is  that  the  program  objectives  do  not  get  blurred  in 
transmitting  them  through  0MB  and  through  the  Congress." 
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What  does  that  mean?  Give  me  some  examples. 

General  Abrahamson.  I  think  actually  the  chairman  illustrated 
that  and  what  I  am  trying  to  illustrate,  that  you  must  always  keep 
the  flight  safety  requirement  foremost,  and  that  the  desire  to  con- 
tinue to  be  able  to  fly  on  a  schedule  and  to  fly  to  support  the  oper- 
ational side  of  the  program  is  always  there. 

Mr.  LuJAN.  That  was  the  discussion  you  had  about  spare  parts 
and  all  that? 

General  Abrahamson.  Yes. 

Mr.  LujAN.  I  wondered  about  that  every  time  that  question  of 
spare  parts  comes  up.  Since  I  have  been  on  this  committee,  I  don't 
know  that  we  have  ever  said  no  to  NASA,  just  about.  NASA  has 
gotten  everything  that  it  has  ever  asked  for  and  the  figure  of  $40 
million  keeps  going  through  my  mind  as  most  of  the  time  we  are 
providing  $40  million  for  the  Spare  Parts  Program. 

That  being  the  case,  I  always  wonder  when  we  are  told  that  20  to 
30  items  are  cannibalized  from  another  engine,  from  another  shut- 
tle each  time  there  is  a  flight,  and  as  a  matter  of  fact  the  other  day 
the  testimony  was  that  all  of  the  vehicles  have  parts  missing  from 
them,  that  if  you  were  to  fly  one  now,  you  would  have  to  go  canni- 
balize another — how  can  that  be?  Forty  million  dollars  is  a  lot  of 
money  and  if  we  are  looking  at  buying  spare  parts  over  the  years 
at  a  rate  of  $40  million  a  year,  it  just  seems  like  an  incredible  situ- 
ation. 

Was  that  the  case — well,  you  didn't  have  that  many  when  you 
were  managing. 

General  Abrahamson.  We  increased  the  spares  budget,  but 
spares  are  lots  of  different  levels  of  spares;  $40  million  is  a  lot  of 
money  if  you  are  going  to  buy  a  lot  of  washers  and  seals  and  bolts 
and  nuts  and  things  like  that.  On  the  other  hand,  for  a  rapid  oper- 
ation that  can  safely  be  conducted,  you  have  to  have  a  higher  level 
of  components  that  you  can  interchange. 

You  have  to  have  full  computers  ready  to  go  and  go  in  place.  You 
must  also  have,  in  some  cases,  for  example,  the  pods  on  the  back  of 
the  aircraft,  and  finally,  we  implemented  the  Structural  Spares 
Program  during  my  time  that  I  was  there  because  I  did  anticipate 
that  at  some  point  we  might  ding  a  wing  or  do  something  like  that. 

I  never  anticipated  that  we  would  have  a  tragedy  of  this  kind 
where  we  would  lose  the  whole  orbiter,  but  I  wanted  to  have  at 
least  structural  components  available. 

Mr.  LuJAN.  If  $40  million  is  the  figure  that  we  do  every  year, 
that  that  apparently  is  not  enough;  that  more — I  am  not  asking  for 
a  budget  recommendation,  but  what  has  been  done  before  is  not 
sufficient  to  keep  up  with  the  problem 

General  Abrahamson.  I  believe  so. 

Mr.  Lujan.  Was  that  the  case  when  you  were  there? 

General  Abrahamson.  I  would  have  to  examine  the  whole  pro- 
gram, but  when  I  looked  at  it  when  I  was  there,  we  did  not  have  a 
sufficient  budget  in  spares  and  therefore  we  increased  those.  That 
has  to  be  examined  very  carefully  and  calculations  made  about 
what  the  cost  benefit  is.  Sparing  for  a  very  small  fleet  is  a  difficult 
problem.  You  must  in  fact  invest  at  higher  levels  and  have  higher 
stockage  levels  in  order  to  handle  that. 
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For  a  large  fleet  of  airplanes  such  as  the  airlines  have,  you  can 
afford  then  to  have  many  on  hand  or  several  on  hand,  even  if  they 
are  not  used  much,  because  you  are  amortizing  that  set  of  spares 
across  a  larger  fleet. 

So  you  must  look  at  the  small  fleet  problem  in  a  different  way 
than  the  large  fleet  problem.  I  think  that  there  will  probably 
always  be  some  level  of  this  cannibalization. 

By  the  way,  that  occurs  in  every  airplane  fleet  and  it  probably 
occurs  on  the  airlines  that  you  and  I  fly  on,  too,  so  you  should  not 
lose  that  perspective. 

On  the  other  hand,  an  excessive  level  is  not  the  way  to  conduct 
an  efficient  operation  and  it  can  impact  safety. 

Mr.  LuJAN.  One  quick  and  last  question.  Do  the  needs  of  SDI  re- 
quire a  fourth  orbiter  if  we  take  into  consideration  the  type  that 
we  need,  maybe  doing  commercials  on  ELV's?  Do  you  need  a  fourth 
orbiter  for  your  work? 

General  Abrahamson.  First  of  all,  SDI  by  itself  does  not  require 
more  than  an  operating  capability  of  the  space  shuttle.  But  I  be- 
lieve that  the  Nation  requires  a  fourth  orbiter. 
Mr.  LuJAN.  I  don't  understand  your  answer. 

General  Abrahamson.  The  number  of  flights  that  SDI  will  have 
over  the  next  few  years  are  not  so  excessive  that  those  flights  by 
themselves  exceed  the  three  orbiter  flight  requirement. 

Mr.  LuJAN.  No.  I  mean  that  plus  building  a  space  station 

General  Abrahamson.  But  in  the  sense  that  you  ask  the  ques- 
tion, yes,  sir,  my  personal  opinion  is  that  we  do  need  a  fourth  orbit- 
er. In  order  to  have  a  viable  fleet  and  in  fact  that  was  one  of  the 
reasons  that  I  invested  in  and  proposed  the  concept  of  the  structur- 
al spares,  so  that  that  decision  could  be  made. 
Mr.  Brown.  Would  the  gentleman  yield? 
Mr.  LuJAN.  Yes. 

Mr.  Brown.  I  think  General  Abrahamson  is  making  a  point  here 
which  I  have  heard  him  make  before;  that  SDI  is  a  research  pro- 
gram per  se  and  does  not  require  this  capability.  I  think  what  we 
need  to  ask,  in  the  event  a  decision  is  made  to  deploy  a  space-based 
defense  system  in  the  mid-1990's,  what  kind  of  space  transportation 
system  would  it  require? 

General  Abrahamson.  Sir,  that  is,  of  course,  a  very  different 
question.  What  is  required,  a  fourth  orbiter  will  not  handle  that 
and  I  think  that  is  the  key  point.  Then  it  is  a  much  larger  space 
transportation  requirement  and  in  fact  that  has  been  studied  now 
in  a  three-agency  look  at  the  program  with  NASA  and  with  the  Air 
Force  representing  the  rest  of  the  Department  of  Defense  and  SDI 
representing  our  own  view  of  what  those  requirements  might  be, 
and  it  is  clear  that  the  requirements  will  exceed  a  four-orbiter 
fleet,  but  the  characteristics  of  those  requirements  may  also  mean 
that  you  have  to  have  a  fleet  of  unmanned  rockets  of  different 
sizes,  and  even  potentially  in  the  future  maybe  the  aerospace  plane 
as  one  solution  to  that. 

So  that  recommendation  has  been  presented  to  the  President. 
The  important  role  that  the  SDI  Program  plays  in  that  is  that  we 
are  conducting  and  financing  at  least  a  portion  of  the  research  to 
ensure  that  whenever  that  decision  is  made  that  we  will  have  a 
much  lower  cost  option  available  to  the  Nation. 
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So  that  is  what  we  think  is  a  proper  role  for  SDI  research  in 
space  transportation. 

Mr.  LuJAN.  I  didn't  want  to  ask  any  more  questions,  but  I  can't 
let  you  get  away  without  asking  if  you  paid  for  a  little  bit  of  the 
shuttle,  if  you  put  up  a  little  dough  for  the  fourth  orbiter? 

General  Abrahamson.  That  is  a  policy  decision  that  goes  beyond 
me  personally. 

Mr.  LuJAN.  That  is  all. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
New  York,  Mr.  Scheuer. 
Mr.  Scheuer.  Thank  you,  Mr.  Chairman. 

General,  we  value  your  testimony.  You  have  been  an  extremely 
impressive  witness.  I  have  enjoyed  it  and  I  have  benefited  from  it. 
General,  the  Rogers  Commission  found  that,  and  I  am  going  to 
just  quote  a  sentence,  the  Marshall  Space  Flight  Center  Project 
Managers,  because  of  a  tendency  at  Marshall  to  isolate — to  man- 
agement isolation— that  is  a  euphemism  for  saying  they  didn't 
want  to  listen  to  anybody  else.  They  fail  to  provide  full  and  timely 
information  bearing  on  the  safety  of  the  flight  51-L  to  other  vital 
elements  of  the  Shuttle  Management  Program. 
Do  you  more  or  less  agree  with  that? 

General  Abrahamson.  Well,  I  didn't  conduct  the  investigation, 
sir,  and  obviously  there  was  a  communication  breakdown,  and  I  am 
sure  that  that  communication  breakdown  occurred  at  several  dif- 
ferent places.  One  of  the  important  thrusts  of  my  testimony  was  to 
point  out  that  when  I  was  there,  although  there  were  difficulties  in 
communication  across  all  of  the  institutions  as  there  always  are  in 
these  large  institutions,  that  what  I  saw  were  people  who  were 
dedicated  to  flight  safety  and  dedicated  to  making  it  work  and  we 
all  worked  very  hard,  starting  with  myself,  with  Mr.  Beggs  as  the 
Administrator,  Hance  Mark  as  the  Deputy.  All  of  us  worked  very 
hard  to  ensure  those  communication  lines  remained  open.  In  this 
case,  obviously  it  didn't  remain  open. 

I  am  not  in  a  position  to  say  that  I  know  how  it  broke  down. 
Mr.  Scheuer.  But  this  kind  of  situation  didn't  prevail  through 
your  tenure  at  NASA? 

General  Abrahamson.  I  did  not  feel  that  that  was  the  case.  I  did 
feel  that  we  had  a  hard  time  making  a  change  in  the— in  this  tran- 
sition from  institutions  that  were  dedicated  to  development  to 
working  together  fully  and  communicating  fully,  but  that  was  not 
only  one  of  the  centers. 

In  fact,  all  of  the  centers— we  had  to  learn  to  work  these  institu- 
tions that  were  well  established,  have  them  work  together  in  a 

very  dynamic  way  in  order  to  ensure  that  we  had 

Mr.  Scheuer.  Do  you  feel  at  Marshall,  from  what  you  have  read 
of  the  Rogers  report  and  what  you  know  of  the  accident,  that  they 
failed  to  learn,  as  some  of  the  other  space  centers  did,  how  to  com- 
municate effectively?  Did  they  learn  at  other  space  centers  how  to 
handle  problems  such  as  the  one  that  led  to  the  Challenger  tragedy 
better  than  they  had  learned  to  cope  with  it  at  Marshall? 

General  Abrahamson.  Well,  it  is  clear  that  in  this  particular 
case  there  was  a  failure  and  the  communications  chain  broke  down 
at  several  levels  and  if  I  read  the  Commission  report  properly,  one 
of  those  levels  was  at  Marshall.  However,  again  I  would  like  to 
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point  out,  and  if  I  can  I  really  would  like  to  focus  on  something 
very  important  for  the  Space  Shuttle  Program. 

As  the  chairman  properly  pointed  out,  from  my  own  interview 
with  the  Rogers  Commission  people,  I  was  appalled  when  I  first 
saw  the  shuttle,  because  it  was  anything  but  an  operational  ma- 
chine. It  was  clearly  going  to  be  very  difficult  to  make  that  fly  and 
to  fly  successfully,  because  it  was  a  technical  challenge  that  was  a 
huge  step  forward  to  have  a  spacecraft  and  an  airplane  and  to  be 
able  to  fly  safely  through  all  of  those  regimes. 

However,  I  was  encouraged  by  one  important  difference  in  the 
space  shuttle  than  any  other  program,  and  that  is  that  most  of  the 
shuttle  came  back  and  could  be  examined  and  reexamined  and  you 
could  project  trends. 

Now,  we  tried  to  do  that  in  the  early  times  when  I  was  there.  We 
tried  to  pay  attention,  careful  attention,  to  some  very  serious  prob- 
lems. It  is  also  clear  in  the  Rogers  Commission  report  that  in  fact 
there  were  indicators  that  I  believe  should  have  been  responded  to 
much  more  aggressively  and  quickly. 

Mr.  ScHEUER.  General,  the  Rogers  Commission  concluded  that 
both  as  to  Morton  Thiokol  and  the  night  before  the  launch  and  as 
to  Rockwell  on  the  morning  of  the  launch,  NASA  seemed  to  be  re- 
quiring contractors  to  prove  that  it  was  not  safe  to  launch  rather 
than  to  prove  that  it  was  safe  to  launch. 
Is  this  your  reading  of  the  Rogers  report? 

General  Abrahamson.  Well,  I  understand  what  the  Rogers 
report  says,  sir. 

Mr.  ScHEUER.  If  it  says  that,  and  I  think  it  clearly  does,  this 
would  run  counter  to  your  statement  that  at  no  time  did  you  ever 
discover  anybody  who  didn't  put  flight  safety  first  and  foremost  in 
their  considerations. 
General  Abrahamson.  That  is  correct. 

Mr.  ScHEUER.  When  you  require  a  contractor  to  prove  that  the 
vehicle  is  unsafe,  you  are  putting  a  lot  of  other  considerations 
ahead  of  safety,  are  you  not,  on  the  priorities  list? 
General  Abrahamson.  That  is  correct,  sir. 

Mr.  ScHEUER.  Why  do  you  think  this  happened?  From  your 
knowledge  of  NASA,  from  the  various  space  stations,  how  do  you 
think  this  crazy  involuted  philosophy  ever  developed  that  resulted 
in  such  tragic  results? 

It  is  always  easy  to  be  a  Monday  morning  quarterback,  and  we 
really  shouldn't.  We  ought  to  restrain  ourselves  from  doing  that  in 
an  excess  of  zeal,  but  every  member  of  this  committee  on  both  sides 
have  been  appalled  at  that  new  burden  of  evidence  that  was  estab- 
lished that  the  safety  engineers  at  Morton  Thiokol  and  Rockwell 
now  had  to  prove  that  the  vehicle  was  unsafe. 

We  are  appalled  at  that.  That  is  in  such  glaring  contrast,  such 
pitiful  tragic  contrast  to  the  status  of  NASA  as  you  described  it, 
that  one  has  to  wonder  how  did  that  happen. 

Can  you  help  us  understand?  How  did  that  change  take  place? 
General  Abrahamson.  Frankly,  I  am  not  sure  that  I  can,  but  I 
can  offer  you  an  important  perspective,  and  this  comes  from  not 
only  my  experience  at  NASA,  but  my  experience  being  in  charge  of 
other  flight  test  programs  and  participating  as  a  test  pilot  in  those 
programs. 
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These  are  never  simple  black-and-white  decisions.  There  are 
always  differences  of  opinion,  and  in  fact,  the  success  comes  from 
those  who  are  able  to  successfully  walk  that  very  difficult  line  that 
I  talked  about. 

It  would  be  a  great  tragedy  if  somehow  out  of  this,  this  particu- 
lar accident,  a  system  is  established  so  that  one  person,  who  may 
or  may  not  be  right,  can  stop  everything  by  saying,  "Woops,  I  am 
worried  about  this  particular  thing." 

And,  by  the  way,  there  is  a  very  real  danger  that  that  can 
happen.  On  the  other  hand,  the  fact  of  the  accident  and  the  fact  of 
the  communications  breakdown,  and  the  fact  that  there  were  valid 
and  important  opinions  that  did  not  get  all  of  the  proper  hearing 
that  they  should  have,  also  means  that  that  communications  proc- 
ess must  be  improved,  just  as  the  Rogers  Commission  report  out- 
lined. 

But  those  are  never  simple  kinds  of  decisions.  Every  one  of 
them — and  I  guess  I  would  like  to  make  an  important  point 

Mr.  ScHEUER.  Let  me  interrupt  you  for  one  second.  It  is  true 
there  were  some  communications  breakdowns,  but  it  is  also  true 
that  right  up  to  the  top  of  headquarters  one  in  Washington,  NASA 
was  aware  that  the  safety  engineers  of  Morton  Thiokol  had  the 
gravest  doubts  about  the  safety  of  the  0-rings. 

So  while  the  Marshall  officials  weren't  doing  much  to  let  that  in- 
formation out,  it  sort  of  perked  through  up  and  down  with  difficul- 
ty. Weeks  did  brief  Moore  on  the  briefing  that  he  had  in  August 
1985  by  the  Morton  Thiokol  engineers  that  indicated  their  grave 
reservations  about  the  safety  of  the  O-ring. 

The  communication  was  there.  It  was  a  judgmental  factor.  It  was 
this  reversal  in  the  burden  of  proof. 

You  have  told  us  you  can't  understand  how  it  could  have  hap- 
pened. Frankly,  we  are  at  a  loss  to  understand  how  it  could  have 
happened.  The  American  people  must  be  absolutely  flabbergasted 
that  it  did  happen. 

My  last  question  is,  how  can  we  avoid  that  again?  How  can  we 
make  sure  that  never  ever  does  an  official  of  NASA  twist  arms 
with  contractors,  ignore  the  pleas  of  safety  engineers — there  was  a 
consensus  among  safety  engineers,  it  wasn't  one  isolated  voice  out 
of  the  wee,  small  hours  of  the  night.  It  was  a  consensus  among 
safety  engineers  that  there  was  a  life-threatening  condition  here. 

How  can  we  avoid  in  the  future  an  institution  that  ignores  these 
kinds  of  concerns  and  that  makes  judgments  that  puts  safety  and 
completion  of  the  mission  safely  so  far  down  the  priorities  list? 

General  Abrahamson.  I  wish  that  I  could  give  you  a  simple 
answer  to  that,  but  I  don't  believe  there  is  one.  I  think  the  Rogers 
Commission  made  a  series  of  recommendations  about  elevation  and 
separation  of  the  safety  and  the  quality  assurance  organizations. 

I  think  that  those  are  proper.  I  believe  that  that  will  help,  but  it 
won't  help  automatically,  and  it  won't  be  an  automatic  answer. 
There  just  isn't  an  automatic  answer,  unfortunately,  but  I  do  be- 
lieve the  recommendations  are  correct.  But  in  the  end,  it  relies  on 
people  doing  all  of  those  jobs  and  the  difficulty  of  communications 
across  a  very  large  number  of  people,  and  I  tried  to  include  in  my 
testimony  that  the  right  atmosphere  for  that  must  be  created. 

Mr.  ScHEUER.  General,  Thank  you  very  much. 
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Thank  you,  Mr.  Chairman. 

Mr.  Roe.  The  Chair  thanks  the  gentleman  from  New  York  and 
recognizes  the  gentlelady  from  Kansas,  Ms.  Meyers. 

Ms.  Meyers.  Thank  you,  Mr.  Chairman. 

I  think  you  are  probably  aware.  General,  that  there  is  a  move  in 
the  Armed  Services  Committee  to  divert  half  a  billion  dollars  that 
the  Department  of  Defense  is  obligated  to  reimburse  NASA  for 
military  launches. 

What  is  your  thinking  on  that?  Would  you  support  that  kind  of  a 
diversion  in  light  of  what  you  have  said  about  consistent  funding 
for  NASA? 

General  Abrahamson.  Ma'am,  I  would  not  support  that.  I  think 
that  the  greatest  need  that  NASA  now  has  in  order  to  be  able  to 
plan  for  and  implement  solutions  in  a  timely  way  is  to  be  able  to 
have  a  fund,  which  obviously  was  never  planned  for,  and  as  this 
committee  and  other  committees  last  year  went  through  that 
budget,  no  one  anticipated  that  this  terrible  accident  would 
happen. 

Therefore,  NASA  did  not  have  a  margin  in  order  to  be  able  to 
deal  with  that,  to  do  the  testing,  to  do  the  investigation,  and  if — 
and  I  recognize  Congress  has  difficult  priorities  that  you  must  deal 
with,  and  I  respect  the  problems  that  you  are  all  facing — but  if 
that  one  area,  which  is  money  that  can  be  diverted  and  used  in  the 
near  term,  is  taken  away  and  not  replaced  quickly  and  with  flexi- 
ble funds  so  that  the  managers  can  apply  that  where  it  is  needed, 
then  I  think  NASA  will  be  in  very,  very  serious  difficulty,  and,  in 
fact,  I  know  they  are,  because  I  have  talked  to  NASA  officials  at 
all  levels. 

And  the  uncertainty  associated  with  how  they  are  going  to  fund 
not  only  the  investigation  but  the  next  steps  is  a  major  factor  in 
their  inability  to  proceed  at  this  point  in  time. 

Ms.  Meyers.  Thank  you. 

Mr.  Chairman,  I  have  one  other  question  if  we  have  time  before 
the  vote. 

I  think  one  of  the  interesting — most  interesting  points  that  you 
made  was  when  you  said  that  the  problems  that  we  are  aware  of 
have  all  occurred  in  subsystems  that  represent  older  technology, 
the  solid  rockets,  electronic  components,  and  mechanical  designs 
are  all  representative  of  1970  technologies  and  not  of  what  we  can 
do  today. 

Can  you  redesign  these  older  technologies  or  does  this  mean  that 
we  will  have  to  just  start  from  scratch  on  the  next  generation? 

General  Abrahamson.  What  I  was  trying  very  hard  to  get  across 
is  that  in  the  short  term  there  are  technologies  that  we  can  apply 
to  make  those  older — the  fundamental  designs  that  we  have  now 
today,  to  make  them  safer  and  more  reliable,  and  that  is  why  I  was 
emphasizing  the  kind  of  technology  applications  that  apply  to  pro- 
duction line  and  quality  assurance. 

In  the  longer  term,  we  should,  of  course,  look  for  more  reliable 
fundamental  designs  based  on  the  new  materials  and  some  of  the 
new  concepts  that  we  have. 

Ms.  Meyers.  Thank  you. 

Mr.  Roe.  The  Chair  thanks  the  gentlelady  from  Kansas. 


226 

We  will  recess  now  to  go  vote.  I  would  ask  the  members  if  they 
could  return  immediately,  because  the  general  has  to  go  on  to  Cali- 
fornia, I  understand,  so  we  will  return  immediately  after  we  vote. 

[Recess.]  . 

Mr.  Roe.  The  hearing  will  reconvene,  and  we  will— the  Chair 
will  recognize  the  distinguished  gentleman  from  California,  Mr. 
Packard. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

General,  it  is  nice  to  have  you  here  before  us.  We  are  about  to 
conclude  our  hearings,  I  think.  We  have  had  a  long  series  of  hear- 
ings and  your  testimony  has  been  very  effective. 

I  am  sorry  I  wasn't  here  to  hear  your  verbal  testimony,  but  I 
have  read  your  written  testimony.  You  mentioned  in  an  answer  to 
an  earlier  question,  and  from  that  answer  I  have  to  assume  that 
the  Shuttle  Program  is  extremely  important  to  the  SDI  Program. 
General  Abramson.  That  is  exactly  right,  sir. 
Mr.  Packard.  As  well  as  other  programs,  the  Space  Plane  and 
our  ELV  program  and  what  not. 

Do  you  think  that  it  is  going  to  require  a  better  balance  between 
the  ELV's  and  the  shuttle  than  what  we  have  had  in  the  past  in 
order  to  meet  the  needs  of  SDI? 

General  Abrahamson.  Yes,  I  believe  that  the  Nation  has  to  have 
a  better  balance.  By  the  way,  when  I  was  in  the  Shuttle  Program,  I 
was  concerned  that  the  Nation  would  not  learn  how  to  use  the  ca- 
pability that  the  Shuttle  Program  had  and  offered,  and  therefore,  I 
used  to  press  very  hard  for  the  shuttle. 

But  I  think  it  is  also  clear  in  retrospect  that  we  do  need  a  bal- 
anced program,  and  that  some  vehicles  will  serve  some  needs  and 
other  will  serve  others. 

The  shuttle  is  an  ideal  research  tool.  It  is  an  ideal  scientific  tool 
and  in  some  instances  it  works  very,  very  well  for  bulk  transporta- 
tion, but  it  won't  serve  all  of  our  bulk  transportation  needs. 

Mr.  Packard.  Do  you  agree,  generally,  with  the  recommenda- 
tions of  the  Commission's  report? 
General  Abrahamson.  Yes,  sir;  I  do. 
Mr.  Packard.  All  of  them? 

General  Abrahamson.  I  think  what  they  have  specifically  out- 
lined is  a  proper  series  of  recommendations  for  management  that  I 
think  are  exactly  correct. 

Mr.  Packard.  And,  therefore,  do  you  believe  that  implementing 
them  will  solve  the  problems  that  led  to  the  accident? 

General  Abrahamson.  I  don't  believe  that  there  is  any  automatic 
solution,  but  I  do  believe  that  those  are  the  right  steps  that  NASA 
will  take  the  action  so  that,  indeed,  those  steps  will  lead  to  a 
proper  solution. 

Mr.  Packard.  Do  you  feel  that  it  is  necessary  to  correct  other 
long-standing  weaknesses  in  the  system— and  I  am  talking  now 
about  hardware  weaknesses,  the  shuttle  motors,  the  landing  sys- 
tems. . 
Do  you  think  those  need  to  be  corrected  before  we  fly  again.'' 
General  Abrahamson.  I  think  the  people  at  NASA  will  make  the 
right  decision  about  how  to  do  that. 

Some  things  do  have  to  be  corrected.  Some  things  are  not  going 
to  be  correctable. 
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Let  me  give  you  one  example  of  one  that  worried  me,  and  that  I 
had  special  meetings  with  John  Young  and  the  astronauts  and  the 
people  at  Johnson  and  others,  and  that  is  the  escape  problem,  the 
bail  out  problem. 

We  studied  that.  We  went  back  to  see,  is  there  a  practical  way  to 
do  that.  In  fact,  I  went  so  far  as  to  ask  the  people  at  Langley  to 
develop  a  special  report  about  whether  or  not  the  astronauts  could 
bail  out  safely. 

I  don't  know  what  the  final  answer  to  that  is,  but  I  recently  was 
given  a  technical  note  that  did  explain  exactly  and  was  the  result 
of  my  request,  and  unfortunately,  the  answer  to  that  is  that  all  of 
the  astronauts,  all  sizes  and  weights  of  astronauts,  could  not  bail 
out  safely,  so  that  means  they  have  to  have  some  additional  means 
of  getting  out. 

So,  you  will  never  be  able  to  make  this  a  risk-free  operation,  just 
like  airport  flying  is  not  risk  free. 

Mr.  Packard.  Apparently — and  your  experience,  I  think,  would 
be  valuable  in  terms  of  answering  this  question — on  the  frontier  of 
any  program  such  as  within  your  testimony  piloting  and  early 
stages  in  the  Shuttle  Program  and  in  the  space  program,  are  there 
always  questionable  and  imperfect  problems  you  continually  have 
to  deal  with,  and  yet  you  still  fly,  you  still  go,  recognizing  that 
there  are  some  weaknesses  and  some  problem  areas  that  need  to  be 
resolved? 

Is  it  common  that  that  is  done,  and  in  so  doing,  is  there  judg- 
ments needing  to  be  made  to  determine  whether  those  are  life 
threatening  and  mission  threatening  or  whether  they  are  accepta- 
ble weaknesses  and  you  still  choose  to  fly?  Is  that  true  in  most  of 
these  kinds  of  frontiers? 

General  Abrahamson.  It  is  clear  the  way  you  asked  the  question 
that  you  do  understand  and  that  is  exactly  the  case,  sir. 

In  fact,  that  goes  beyond  research  programs  and  flight  test  pro- 
grams. That  goes  all  the  way  to  operational  programs  and  even  air- 
line flying  today. 

Those  kinds  of  judgments  have  to  be  made  every  day,  and  there 
are  people  who  have  that  responsibility,  and  I  admire  those  people, 
because  they  accept  the  responsibility  of  life  and  death  situations 
every  day  and  they  do  their  very  best. 

Mr.  Packard.  In  your  judgment,  then,  you  feel  that  it  would  be 
unacceptable  to  require  everything  to  be  corrected  and  ever3rthing 
to  be  considered  to  be  perfectly  in  order  to  fly  again — that  would 
require  undue  delay  in  getting  back  into  our  space  program? 

General  Abrahamson.  It  is  not  only  a  matter  of  undue  delay  for 
the  Space  Shuttle  Program.  Nothing  is  ever  perfect,  nothing. 

And,  therefore,  you  must  arrive  at  a  reasonable  judgment,  one 
that  considers  not  only  the  risk  to  safety  but  the  consequences  of  it, 
of  any  particular  failure,  and  that  is  a  difficult  job. 

Mr.  Packard.  Thank  you. 

Mr.  Roe.  I  thank  the  gentleman  from  California. 

The  Chair  recognizes  the  gentleman  from  Florida. 

Mr.  Lewis.  Thank  you,  Mr.  Chairman. 

General,  welcome,  and  it  is  a  pleasure  to  read  your  testimony.  It 
is  certainly  very  forthright  and  straightforward,  and  I  believe  in  all 
of  the  words,  both  from  the  Rogers  Commission  and  what  I  have 
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heard  before  this  committee,  I  have  never  heard  anyone  make  the 
statement  that  the  problem  with  the  0-rings  was  inexcusable,  and 
I  commend  you  for  that. 

Reading  in  the  Rogers  report,  we  have  heard  a  lot  of  testimony — 
I  am  one  of  these  people  that  believe  the  system  is  in  effect,  but  we 
have  humans  in  the  equation,  and  you  brought  out  that  we  are 
never  going  to  be  able  to  say,  "it  will  never  happen  again"  in  this 
area. 

I  think  Congress  has  some  responsibility  here,  and  I  think  we  are 
arriving  at  a  point  now  where  we  say,  "Hey,  what  can  we  do  to 
help  get  the  Space  Program  back  into  an  operational  mode?" 

What  do  you  think  Congress  can  do  in  order  to  do  this  job? 

General  Abrahamson.  I  tried  to  outline  that  very  briefly  at  the 
very  end  of  the  testimony.  I  believe,  first  of  all,  they  have  to  under- 
stand and  appreciate  that  there  are  people  at  NASA  who  have,  in 
fact,  suffered  through  this  tragedy,  as  all  have,  but  who  are  willing 
and  able  and  continue,  even  in  the  face  of  sometimes  adverse  pub- 
licity, to  want  to  make  the  program  work.  And  I  think  those  people 
must  be  appreciated,  first  of  all. 

Second,  I  think  NASA  must  have  the  necessary  resources  to  be 
able  to  use  their  engineering  judgment  and  their  management 
judgment  and  go  out  and  invest  properly  in  the  program  so  that 
they  can  correct  the  faults  and  be  able  to  ensure  that  this  never 
happens  again. 

Second — or  third,  rather,  I  believe  that  it  is  important  that  all  of 
us  agree  on  what  our  national  goals  are  and  that  we  declare  those 
properly  and  implement  policies,  then,  that  are  consistent  with 
those  goals,  and  I  think  this  committee  has  done  that  in  the  past. 

It  has  supported  defining  those  goals,  and  you  now  have  a  special 
opportunity  to  help  in  the  defining  of  those  goals  for  the  next 
phase  in  the  program. 

Mr.  Lewis.  With  the  situation  we  had  in — in  the  decision  or  judg- 
ment making  process  with  the  January  28  disaster,  and  believing 
that  the  system  is  in  place  and  we  have  the  necessary  checks  and 
balances,  but  with  people  remaining  in  some  of  those  key  decision- 
making positions,  launch  after  launch,  time  after  time,  do  you 
think  that  it  would  be  helpful  to  rotate  those  people  that  would 
make  those  kinds  of  judgments? 

And  I  say  that  because  I  remember  a  gentleman  from  NASA  sit- 
ting here  before  us  making  the  statement  about  whether  to  or  not 
to  launch,  that  he  was  very  much  concerned  that  he  was  going  to 
have  to  go  before  a  board  of  inquiry. 

I  think  that  should  be,  probably,  foremost  in  anyone's  mind 
when  they  are  making  those  judgments,  but  at  the  same  time  if 
you  have  people  that  get  into  a  position,  they  get  into  that  niche, 
and  the  system  falls  down — and  we  saw  that  happen. 

Do  you  think  a  rotation  system  would  be  more  beneficial  if  we 
use  the  same  kind  of  checkoff  system?  Because  of  the  mass  of  sys- 
tems, that  you  have  to  get  into  a  good  position  to  launch  that  shut- 
tle, there  is  always  going  to  be  the  fragmentation  of  human  error. 

General  Abrahamson.  Sir,  I  don't  believe  that  there  is  an  auto- 
matic answer  to  that. 

It  is  important  to  change  people  so  that  they — first  of  all,  they 
can  grow  in  their  own  careers,  but  more  importantly,  that  they 


229 

don't  become  complacent  and,  therefore,  there  are  times  that  it  is 
important  where  they  continue  to  have  new  rninds  and  new  eyes 
looking  at  some  of  the  same  problems.  So,  that  is  important. 

By  the  same  token,  if  an  automatic  rotation  system  were  imple- 
mented, you  may  well  lose  some  of  the  most  important  experience 
that  is  available. 

I  think  the  key  here  is  that  NASA  management  has  got  to  be  in 
a  position  to  make  those  kinds  of  personnel  decisions,  and  hopeful- 
ly, the  committee  and  the  Nation  will  understand  it  properly  and 
support  NASA  management  while  they  make  those  decisions. 

But  I  don't  think  that— there  are  no  automatic  systems  any- 
where, and  thank  heaven  there  aren't,  because  people  are  the 
things  that  make  these  systems  work. 

Mr.  Lewis.  I  have  one  final  question,  and  we  have  heard  a  lot  of 
testimony  on  this. 

Last  August,  there  was  a  design  review  of  the  particular  field 
joint  that  had  a  problem,  and  orders  issued  and  a  redesign  was  nec- 
essary. 

What  is  your  feeling  about  this,  when  we  had  our  hands — had 
the  problem  in  our  hands  and  let  it  get  away  from  us?  What  is 
your  personal  feeling  about  it? 

General  Abrahamson.  Well,  it  goes  back  to  my  earlier  statement 
that  the  shuttle  does  have  particular  advantages  that  any  other 
system  did  not  have,  and  that  is  that  because  you  can  recover  most 
of  it,  then  there  are  things  that  you  can  and  should  do  in  order  to 
be  able  to  project  and  see  the  performance  of  these  systems. 

It  is,  in  fact,  a  place  where  complacency  or  faith  in  the  fact  that 
it  had  worked  before  was  misplaced.  That  is  clearly  part  of  the 
problem. 

On  the  other  hand,  the  issue  of  how  quickly  and  how  best  to 
make  that  change— I  was  not  there  at  the  time  and,  therefore,  I 
can't  say  what  was  the  right  design  change.  I  personally  think  that 
it  should  have  been  pursued  aggressively. 

Mr.  Lewis.  I  recognize  that,  and  I  agree  with  you. 
From  an  engineering  viewpoint,  the  random  numbers  are  going 
to  up  with  a  probability  to  tell  you  when  you  are  going  to  have 
your  failure. 

I  don't  know  why  anybody  wanted  to  fly  on  the  25th,  because  it 
said  that  is  the  one  that  could  probably  fail.  That  didn't  happen,  of 
course,  but  anyone  flying  on  the  next  one,  it  will  probably  be  the 
safest. 

I  appreciate  the  testimony. 
Mr.  Roe.  Are  there  other  questions? 

General,  we  want  to  thank  you  very  much  for  being  with  us  this 
morning.  Your  testimony  has  been  very  helpful. 

General  Abrahamson.  Mr.  Chairman,  thank  you.  I  enjoyed  being 
before  the  committee  and  I  commend  the  way  you  are  approaching 
this. 

Mr.  Roe.  We  now  have  our  next  witness,  Mr.  Jesse  Moore,  who  is 
director  of  the  Lyndon  B.  Johnson  Space  Center  in  Houston.  Wel- 
come to  the  committee. 

You  have  your  testimony,  so  you  might  just  as  well  go  right  into 
it. 
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STATEMENT  OF  JESSE  W.  MOORE,  DIRECTOR,  LBJ  SPACE 

CENTER,  HOUSTON,  TX 

Mr.  Moore.  Mr.  Chairman  and  distinguished  members  of  the 
committee,  I  am  pleased  to  accept  your  invitation  to  testify  before 
your  committee  today. 

The  Presidential  Commission  on  the  Space  Shuttle  Challenger 
Accident  has  completed  its  report  and  Dr.  James  C.  Fletcher,  our 
Administrator,  on  July  14,  submitted  to  the  President  his  plan  for 
how  we  shall  respond  to  implement  the  Commission's  recommenda- 
tions. 

Dr.  Fletcher  in  transmitting  to  the  President  our  action  plan  to 
respond  to  the  Commission's  recommendations  noted  that  the  Com- 
mission had  rendered  the  Nation  an  exceptional  service  in  a  com- 
prehensive and  thorough  investigation  and  that  NASA  agreed  with 
the  recommendations  and  was  vigorously  implementing  them. 

Dr.  Fletcher's  statement  to  the  President  certainly  speaks  for  all 
of  us  at  the  Johnson  Space  Center  [JSC],  as  well. 

I  personally  found  the  Commission's  report  to  be  an  excellent 
effort  in  its  comprehensive  assessment  of  the  recommendations  re- 
lated to  the  Challenger  tragedy.  Chairman  Rogers  and  all  members 
of  the  Commission  are  to  be  commended. 

To  assure  that  I,  and  all  the  staff  at  Johnson  Space  Center,  are 
doing  all  that  we  should  in  a  timely  and  comprehensive  manner  to 
support  Dr.  Fletcher  and  Rear  Adm.  Richard  H.  Truly  in  imple- 
mentation of  the  nine  recommendations,  I  have  assigned  a  senior 
JSC  staff  member  to  each  recommended  action  and  I  hold  weekly 
status  meeting  each  Monday  morning  to  review  our  progress. 

Dr.  Fletcher,  Admiral  Truly,  indeed  all  of  us  in  the  flight  organi- 
zations agree  that  flight  safety  must  be  our  top  priority  as  we  pro- 
ceed toward  the  resumption  of  space  flight. 

The  space  shuttle  is  a  national  resource  that  has  and  will  pro- 
vide people  benefits  to  this  Nation  and  all  mankind.  Flight  safety 
must  not  be  compromised  as  we  move  forward. 

The  two  items  you  have  asked  me  to  address  this  morning:  the 
decisionmaking  process  and  strengthening  the  role  of  the  Program 
Manager  are  primarily  assigned  for  action  to  NASA  Headquarters, 
Admiral  Truly's  office,  and  our  task  at  JSC  is  to  support  that 
effort. 

Two  study  groups  have  been  assigned  to  address  these  topics.  On 
June  25,  1986,  Admiral  Truly  appointed  Capt.  Robert  Crippen  to 
lead  a  factfinding  group  to  assess  the  National  Space  Transporta- 
tion System  management  structure  including  the  Shuttle  Program 
managers  responsibilities  and  also  to  look  at  improved  communica- 
tions. 

Mr.  Richard  H.  Kohrs,  Deputy  Manager  of  the  National  Space 
Transportation  System  Program  Office  at  JSC,  has  been  assigned 
to  Captain  Crippen's  team.  Dr.  Fletcher  also  has  appointed  Gen. 
Sam  Phillips  to  conduct  a  broad  assessment  of  every  aspect  of 
NASA's  management  practice.  The  results  of  the  study  will  be  re- 
viewed with  General  Phillips  and  the  Administrator,  and  a  decision 
is  expected  by  October  1,  1986. 

To  support  both  these  efforts,  I  have  assigned  coordination  re- 
sponsibility for  JSC's  response  to  Mr.  Clifford  E.  Charlesworth,  cur- 
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rently  Director  of  Space  Operations  at  JSC  and  formerly  Deputy 
Center  Director  of  JSC  and  Deputy  Director  of  the  Skylab  Pro- 
gram. 

I  make  particular  note  of  his  seniority  and  experience  to  assure 
you  that  we  have  committed  our  best  and  most  experienced  people 
to  the  support  of  these  studies. 

I  fully  endorse  the  recommendations  of  the  Commission  and  am 
fully  committed  to  assuring  that  they  are  effectively  implemented. 
I  can  assure  you  that  this  is  not  just  my  personal  commitment  but 
that  of  the  entire  Johnson  Space  Center,  both  its  government  and 
its  contractor  staff. 

The  Nation  and,  indeed,  the  world  have  experienced  a  grave 
tragedy  with  the  loss  of  Challenger  and  its  dedicated,  brave  men 
and  women  who  made  up  the  crew. 

We  must  do  everything  we  can  to  prevent  a  future  occurrence. 
We  must  learn  from  the  hard  lessons  Challenger  taught  us.  We 
must  emerge  stronger  and  wiser  as  NASA  and  this  Nation  contin- 
ues to  explore  space. 

Thank  you  very  much.  This  ends  my  formal  oral  statement,  and 
I  will  be  happy  to  answer  your  questions. 

[The  prepared  statement  of  Mr.  Moore  follows:] 
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Mr.  Chairman  and  Distinguished  Members  of  the  Committee: 

I  am  pleased  to  accept  your  invitation  to  testify  before  your  Committee 
today.  The  Presidential  Commission  on  the  Space  Shuttle  Challenger  Accident 
has  completed  its  report  and  Dr.  James  C.  Fletcher,  our  Administrator,  on  July 
14,  submitted  to  President  Reagan  his  plan  for  how  we  shall  respond  to 
implement  the  Commission's  recommendations. 

Dr.  Fletcher  in  transmitting  to  the  President  our  action  plan  to  respond  to 
the  Commission's  recommendations  noted  that  the  Commission  had  rendered  the 
Nation  an  exceptional  service  in  a  comprehensive  and  tdorough  investigation 
and  that  NASA  agreed  with  the  recommendations  and  was  vigorously  implementing 
them.  Dr.  Fletcher's  statement  to  the  President  certainly  speaks  for  all  of 
us  at  the  Johnson  Space  Center,  as  well. 

To  assure  that  I,  and  all  the  staff  at  Johnson  Space  Center,  are  doing  all 
that  we  should  in  a  timely  and  comprehensive  manner  to  support  Dr.  Fletcher 
and  Rear  Admiral  Richard  H.  Truly  in  implementation  of  those  recommendations, 
I  have  assigned  a  senior  JSC  staff  member  to  each  recommended  action  and  I 
hold  a  weekly  status  meeting  each  Monday  morning  to  review  our  progress.  Dr. 
Fletcher,  Admiral  Truly,  indeed  all  of  us  in  the  space  flight  organizations 
agree  that  flight  safety  must  be  our  top  priority  as  we  proceed  toward  the 
resumption  of  space  flight  in  the  Shuttle  Program. 

The  two  items  you  have  asked  me  to  address  this  morning:  the  decision  making 
process  and  strengthening  the  role  of  the  Program  Manager  are  primarily 
assigned  for  action  to  NASA  Headquarters,  Admiral  Truly' s  office,  and  our  task 
at  JSC  is  to  support  that  effort. 

Two  study  groups  have  been  assigned  to  address  these  topics.  Admiral  Truly 
has  appointed  Captain  Robert  Crippen  to  lead  a  fact-finding  group  to  assess 
the  National  Space  Transportation  System  management  structure  includinr  *-'^^ 
Shuttle  Program  managers  responsibilities.  Mr.  Richard  H.  Kohrs,  Deputy 
Manager  of  the  National  Space  Transportation  System  Program  Office  at  JSC  has 
been  assigned  to  Captain  Crippen's  team.  Specifically,  this  group  will 
address  the  roles  and  responsibilities  of  the  Space  Shuttle  Program  Manager  to 
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assure  that  the  position  has  the  authority  commensurate  with  its 
responsibilities.  In  addition,  roles  and  responsibilities  at  all  levels  of 
program  management  will  be  reviewed  to  specify  the  relationship  between  the 
program  organization  and  the  field  center  organizations.  Dr  Fletcher  has 
appointed  General  Samuel  Phillips  to  conduct  a  broader  assessment  of  every 
aspect  of  NASA's  management  practices.  To  support  both  these  efforts,  I  have 
assigned  coordination  responsibility  for  JSC's  response  fo  Mr.  Clifford  E. 
Charlesworth,  currently  Director  of  Space  Operations  at  JSC  and  formerly 
Deputy  Center  Director  of  JSC  and  Deputy  Director  of  the  Skylab  program.  I 
mai<e  particular  note  of  his  seniority  and  experience  to  assure  you  that  we 
have  committed  our  best  and  most  experienced  people  to  the  support  of  these 
studies. 

I  fully  endorse  the  recommendations  of  the  Commission  and  am  fully  committed 
to  assuring  that  they  are  effectively  implemented.  I  can  assure  you  that  this 
is  not  just  my  personal  commitment  but  that  of  the  entire  Johnson  Space 
Center,  both  its  government  and  its  contractor  staff. 

Mr,  Chairman,  this  is  the  end  of  my  prepared  testimony.  I  appreciate  this 
opportunity  to  appear  before  you  today  and  would  be  pleased  to  answer  any 
questions  you  may  have. 
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Mr.  Roe.  We  want  to  thank  you  for  your  contribution  and  the 
Chair  would  recognize  the  gentleman  from  Florida,  Mr.  Nelson. 

Mr.  Nelson.  I  will  pass,  Mr.  Chairman. 

Mr.  Roe.  The  gentleman  from  California. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

I  just  went  out  to  call  and  get  the  staff  to  bring  over  the  imple- 
mentation plan  that  I  have  reviewed  carefully  and  that  you  make 
some  allusion  to  in  your  testimony.  I  had  some  questions  on  that 
that  I  didn't  have  in  my  presence,  and  hopefully,  my  staff  will  have 
it  here  before  we  are  finished  today. 

But  let  me  ask  some  general  questions  and  then  maybe  the  pri- 
mary question  I  had,  as  I  reviewed  the  implementation  of  the  rec- 
ommendation plan — did  you  sense  or  have  you  sensed  in  the  past, 
Mr.  Moore,  any  difficulty  in  communications  from  one  center  to 
another  as  you  operated  out  of  the  Johnson  Space  Center? 

Mr.  Moore.  As  I  sat  in  the  position  of  the  Associate  Administra- 
tor for  Space  Flight  for  about  18  months,  I  believe,  I  found  that  the 
center  directors,  which  are  mainly  my  line  of  communications  with 
the  centers,  worked  very  well  together  and  we  had  management 
councils  to  ensure  that  the  center  directors  and  the  other  people  in 
the  center  would,  in  fact,  attend  the  sessions  and,  in  fact,  raise 
questions  and  issues  that  could  be  brought  up  from  knowledge  of 
one  element  that  had  effect  on  another  element  of  the  program. 

So,  over  all,  I  did  not  sense  the  kind  of  communication  problem 
that  was  brought  out  in  the  Rogers  Commission  report  during  my 
tenure  as  the  Associate  Administrator. 

Mr.  Packard.  As  you  have  reviewed  the  Commission's  report, 
and  as  you  have  evaluated  the  communication  system,  and  being  a 
very  important  part  of  that  communication  system  in  the  past, 
after  reviewing  it,  do  you  agree  that  there  is  or  has  been  a  commu- 
nication problem  in  the  system? 

Mr.  Moore.  I  certainly  think  as  a  result  of  what  the  Rogers' 
Commission  did  in  pointing  out  these  communications,  I  would 
have  to  agree  with  Chairman  Rogers  that  there  is  a  communica- 
tions issue  or  there  was  a  communication  breakdown  in  this  one 
particular  instance  that  really  needs  to  be  studied  that  is  on  the 
high-priority  list  for  his  group  to  look  at  and  we  strongly  endorse 
that  be  looked  at  with  great  thoroughness  to  prevent  these  kinds  of 
things  from  happening  in  the  future. 

Mr.  Packard.  Do  you  feel  that  can  be  done  within  the  organiza- 
tional structure  as  it  has  been  recommended? 

Mr.  Moore.  I  believe  an  approach  to  that  has  got  to  be  building 
teamwork,  again,  to  make  sure  the  Shuttle  Program  which  in- 
volves many  elements,  many  contractors,  many  NASA  centers,  all 
play  together  as  a  team. 

r  believe  we  have  got  to  go  back  and  reinstill  in  our  people,  in 
our  participants,  a  teamwork  approach.  We  also  need,  in  my  opin- 
ion, to  conduct  more  face-to-face  kinds  of  exchanges  among  the 
members  of  the  overall  shuttle  team,  and  I  believe  those  things  will 
be  looked  at  very,  very  carefully  and  I  think  with  some  concentrat- 
ed efforts  toward  that,  I  believe  we  can  build  up  a  system  that  will 
improve  our  overall  communications. 

I  think  the  overall  structure  of  the  Shuttle  Program  is  obviously 
built  upon  people  and,  you  know,  there  are  humans  all  the  way  up 
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the  chain,  all  the  way  from  the  engineers  at  the  subcontractors  to 
the  engineers  at  the  contractors,  the  NASA  centers  and  so  forth. 

I  think  we  have  got  to  make  sure  that  each  of  those  participants 
in  the  program  feel  a  dedication,  feel  a  dedication  to  safety,  feel  a 
dedication  to  the  program  that  they  are  making  a  valuable  contri- 
bution and  I  think  we  need  to  do  that  by  personal  communications 
as  well  as  trying  to  look  at  our  structure  to  make  sure  we  have  not 
defined  something  that  tend  to  encourage  communications  break- 
down. 

Mr.  Packard.  Mr.  Chairman,  I  would  like  to  come  back  to  a 
question  after  my  staff  brings  some  information  back  to  me  if  I 
could,  please. 

Mr.  Roe.  I  thank  the  gentleman  from  California. 

The  Chair  recognizes  the  gentleman  from  Ohio,  Mr.  Traficant. 

Mr.  Traficant.  Thank  you,  Mr.  Chairman. 

I  have  a  few  questions,  Mr.  Moore. 

One  of  the  testimony  that  was  offered  before  this  committee  by 
astronaut  Tom  Stafford  was  in  his  opinion  after  reviewing  particu- 
lar data  and  films,  he  felt  that  the  Challenger  crew  could  have  pos- 
sibly been  saved  if  there  had  been  any  type  of  positive  escape 
system  in  operation  and  perhaps  even  an  opportunity  with  even 
basic  oxygen  masks. 

Have  you,  or  any  of  your  staff,  or  any  staff  at  NASA,  reviewed 
the  dynamics  of  those  particular  pieces  of  information  relevant  to 
that  testimony,  and  what  is  your  particular  response  in  that  area? 

Mr.  Moore.  Let  me  tell  you,  sir,  that  was  a  recommendation,  as 
you  know,  in  Chairman  Roger's  report.  I  believe  it  was  recommen- 
dation VII,  to  look  at  launch  abort  and  crew  escape  systems.  We 
have  established  teams.  In  fact,  it  was  set  up  on  April  7,  1984.  We 
have  initiated  a  shuttle  crew  egress  and  escape  review.  We  have  an 
active  team  looking  at  that  right  now,  taking  into  account  all  the 
data  that  has  been  studied  prior  to  the  first  launch  of  the  shuttle 
as  well  as  some  recent  conversations  and  possible  approaches  to 
this  problem,  and  the  study  team  is,  in  fact,  looking  at  that  right 
now. 

We  are  not  prepared  today  to  make  any  conclusions  on  what  is 
coming  out  of  that,  but  we  are  actively  planning  to  study  that  very, 
very  carefully  and  then  come  back  and  make  recommendations  to 
Admiral  Truly  as  to  what  steps  or  actions  should  be  taken. 

Mr.  Traficant.  I  know  also  in  your  brief  statement  relative  to 
the  two  items  you  are  addressing  here  today,  one  dealing  with  the 
decisionmaking  process 

Mr.  Moore.  Right. 

Mr.  Traficant  [continuing].  And  second,  strengthening  the  role 
of  the  program  manager,  in  that  regard,  the  need  to  strengthen  the 
role  of  the  program  manager,  who,  if  anybody,  at  NASA  really  has 
an  understanding  in  total  as  to  what  is  going  on  on  or  about  the 
time  of  these  launchings?  And  who  is  in  control  to  actually  make 
an  informed,  intelligent  decision,  pending  certain  crisis  information 
that  may  develop? 

Mr.  Moore.  Let  me  see  if  I  can  go  back  and  review  for  you  how 
we  get  prepared  for  a  particular  launch.  Prior  to  51-L,  at  least  we 
had  a  process  called  the  flight  readiness  review  process. 
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As  I  stated  earlier,  there  are  a  number  of  centers,  NASA  centers, 
involved  in  the  Shuttle  Program,  mainly  the  Marshall  Space  Flight 
Center,  the  Johnson  Space  Center,  and  Kennedy  Space  Center. 
There  are  also  a  number  of  contractors  that  work  with  each  of 
these  centers  in  terms  of  the  Shuttle  Program. 

Each  center  conducts  what  we  call  a  level  three  flight  readiness 
review  with  their  contractors  to  assess  the  readiness  of  the  hard- 
ware that  each  center  is  responsible  for  in  supporting  a  particular 

launch. 

Following  those  center  conducted  reviews,  they  in  turn  get  to- 
gether with  the  level  two  program  office,  basically  the  shuttle  tech- 
nical program  office  at  the  Johnson  Space  Center,  and  report  any 
issues  or  readiness  statements  to  the  level  two  office  at  the  John- 
son Space  Center  regarding  issues  that  might  be  at  the  Kennedy 
Space  Center  and  their  systems,  at  the  Marshall  Space  Flight 
Center  and  their  systems,  or  at  Johnson  in  their  systems  that  we 
manage,  such  as  the  orbiter. 

That,  in  turn,  from  that  review,  is  then  brought  up  to  my  level, 
when  I  was  the  associate  administrator,  so-called  level  one  flight 
readiness  review,  and  it  is  a  summary  of  all  the  issues  and  resolu- 
tions of  problems  that  have  been  made  in  preparing  for  a  particu- 
lar launch. 

It  says  we  had  this  following  problem  with  this  piece  of  hard- 
ware. We  resolved  it  by  either  changing  out  the  hardware  or  test- 
ing it  and  found  it  was  OK  and  so  forth.  So  that  is  the  review  that 
is  brought  up  to  my  level  and  at  my  level,  the  associate  administra- 
tor level,  we  typically  have  a  telecon  with  the  centers.  In  other 
words,  we  get  the  center  personnel  on  the  phone  with  ourselves. 

The  contractors  are  on  the  phones,  the  major  suppliers  of  the 
hardware  are  on  the  phones.  In  addition  to  that,  we  have  repre- 
sentatives from  our  SR&QA  office  or  the  Safety,  Reliability  and 
Quality  Assurance  Office  at  NASA. 

The  chief  engineering  office  from  NASA  is  there  as  well  as  mem- 
bers of  the  Aerospace  Safety  Advisory  Panel  who  are  invited  to  our 
meetings  and  there  are  some  other  consultants  that  would  come  to 
our  flight  readiness  reviews. 

This  would  typically  take  anywhere  from  4  to  6  hours,  depending 
upon  the  nature  of  the  mission.  You  would  go  through  it  from  a 
top-down  process  all  the  way  down  to  each  of  the  elements  of  the 
mission.  Actions  would  be  assigned  out  of  that  that  were  still  open 
and  these  reviews  would  typically  take  place  about  10  days  to  2 
weeks  prior  to  a  particular  flight.  At  times,  the  Administrator 
would  attend  such  meetings  to  sit  in  and  listen  to  the  progress  and 
following  that  meeting,  we  would  conclude  that  we  either  would 
proceed  on  schedule,  and  it  was  a  consensus  conclusion  that  we 
would  take  recommendations  from  everybody  that  participated, 
and  say  were  we  ready  to  launch  or  did  people  have  issues  with  the 

launch. 

Then  we  would  proceed  to  the  launch.  That  was  about  2  weeks. 
Following  that  review,  there  was  a  launch  review  at  Kennedy,  typi- 
cally about  24  to  48  hours  prior  to  the  launch,  where  essentially 
the  same  group  would  get  back  together  again  and  assess  had  ev- 
erything been  done  that  should  have  been  done  in  the  final  proc- 
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essing  and  preparations,  then  following  that,  proceeded  on  with  the 
count. 

So  the  count  for  a  mission  or  a  go-ahead  for  the  mission  condi- 
tionally was  given  at  the  time  we  did  the  all-up  review  and  said 
lets  proceed  toward  launch  provided  we  satisfactorily  close  out  all 

the  actions. 

Mr.  Traficant.  I  have  a  couple  other  short  questions.  I  don't 
want  to  belabor  this. 

Mr.  Moore.  I  am  sorry. 

Mr.  Traficant.  Could  you  give  a  one  word  answer  to  this  if  pos- 
sible? 

I  am  not  asking  for  a  definition.  Are  there  too  many  chiefs  at 
NASA  in  the  decisionmaking  process?  Yes  or  no? 

Mr.  Moore.  No. 

Mr.  Traficant.  As  a  top  man  at  level  1,  do  you  ever  conduct 
audits  of  the  overall  management  process  at  the  subordinate  levels, 
that  being  two  and  three,  to  be  sure  they  were  working  as  you  had 
expected  them  to  work,  and  was  there  the  interchange  and  inter- 
flow of  information  within  the  agency  that  was  not  impacted  upon 
by  outside  sources  in  a  decisionmaking  process? 

Mr.  Moore.  Sir,  I  am  not  sure  I  understand  your  term  "audit." 
What  I  tried  to  do  in  ensuring  that  we  were  working  together  as  a 
team  was  to  hold  management  counsel  meetings  with  the  partici- 
pants in  the  program  so  that  issues,  in  fact,  could  be  reviewed 
before  the  entire  team  outside  of  a  flight  kind  of  a  program. 

We  were  doing  that  when  we  were  not  in  the  process  of  getting 
ready  for  a  flight.  Management  counsels  was  a  means,  an  ap- 
proach, of  trying  to  get  those  kinds  of  issues  out. 

The  other  thing  I  would  like  to  comment  on  was  that  we  also 
talked  to  different  people  from  time  to  time  about  issues  they  had 
relative  to  overall  management  structure  and  so  forth.  So  there 
was  no  formal  audit  that  I  implemented,  but  I  believe  there  were 
forums  presented  so  issues  that  people  did  have  could,  in  fact,  be 
brought  up. 

There  was  also  the  question  of  dialog  between  our  program  man- 
agers in  the  Office  of  Space  Flight  and  the  project  managers  at  the 
Centers  and  that  is  where  we  hoped  a  lot  of  the  technical  ex- 
changes and  so  forth  would  come  up. 

Mr.  Traficant.  The  only  other  thing  I  would  like  to  say  is  I  be- 
lieve now  everybody  is  taking  a  real  close  look  at  NASA  and  that 
may  be  a  little  bit  unfair,  but  some  particular  agencies  you  have 
the  old  "stab  the  boss  in  the  back"  syndrome.  Is  NASA  a  pretty 
good  coordinated  type  of  team  effort  or  has  there  been  a  develop- 
ment of  individual  initiative  that  has  gone  outside  of  the  scope  of 
the  team  aspect  that  has  gone  outside  the  original  NASA  picture? 
Mr.  Moore.  I  can't  comment  on  the  other  agencies,  but  I  believe 
the  agency  has  tried  to  work  very  good  as  a  team.  I  think  the  fact 
programs,  very  complicated  programs,  have  been  successful  within 
the  agency  over  the  years  is  in  part,  a  large  part,  due  to  the  fact  it 
has  worked  as  a  team.  I  think  that  is  something  that  needs  to  be 
looked  at  very  carefully  to  make  sure  we  are  continuing  to  promote 
that  and  that  all  the  expertise  across  the  Centers  are  being  applied 
properly  in  a  directed,  team  effort  to  some  common  objective.  I 
think  that  is  very  important  that  we  look  at  that  in  the  future. 
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Mr.  Traficant.  Do  you  ever  have  any  pressure  from  the  adminis- 
tration or  any  outside  pressure  to  try  and  launch  beyond  or  when 
your  own  better  judgment  may  not  have  been  the  final  decision  for 

such? 

Mr.  Moore.  No,  sir.  In  my  experiences— and  we  have  delayed  a 
number  of  missions  as  General  Abrahamson  talked  about  in  his 
tenure  he  delayed  a  number  of  missions.  We  have  delayed  a 
number  of  missions  as  well. 

We  have  combined  missions  because  of  problems  and  I  personally 
have  never  had  any  pressure  to  launch  on  a  given  day. 

Mr.  Traficant.  Thank  you,  Mr.  Moore. 

I  didn't  mean  to  belabor  you  and  I  appreciate  your  testimony 

I  yield  back  to  the  chairman. 

Mr.  Roe.  Thank  the  gentleman  from  Ohio. 

I  neglected— you  will  pardon  me,  Mr.  Moore,  to  swear  you  m 
which  I  should  have  done.  So  if  you  would  be  kind  enough  to  stand 
up  and  repeat  after  me. 

[Witness  sworn.] 

Mr.  Roe.  The  Chair  recognizes  the  gentleman  from  New  York, 

Mr.  Scheuer. 
Mr.  Scheuer.  Thank  you,  Mr.  Chairman.  ^ 

Mr.  Moore,  I  noticed  in  your  prepared  testimony  you  didn  t  ex- 
press a  view  of  any  kind,  a  judgment,  an  insight. 
Mr.  Moore.  Yes. 

Mr.  Scheuer.  It  was  fairly  sterile. 

Mr.  Moore.  Yes,  sir.  Let  me  give  you,  if  I  might,  my  rationale  for 
that.  Captain  Crippen  and  General  Phillips  are  out  studying  those 
kinds  of  issues  as  far  as  the  agency  is  concerned.  I  personally  have 
not  had  an  opportunity  to  sit  down  and  talk  with  them  about  my 
thoughts  on  this  thing  and  my  approach  was  to  respond  to  ques- 
tions from  this  committee  in  those  particular  areas. 

I  intend  to  do  that  with  Captain  Crippen,  as  a  matter  of  fact,  this 
afternoon,  to  share  my  views  on  the  decision  making.  I  did  not 
want  to  preempt  any  of  their  particular  thoughts. 

Mr.  Scheuer.  Look,  we  invited  you  here  to  testify  to  us.  We  are 
hearing  a  lot  of  other  witnesses,  too,  and  witnesses  aren't  competi- 
tive. They  are  giving  us  complementary  testimony 

Mr.  Moore.  Yes,  sir. 

Mr.  Scheuer  [continuing].  In  the  sense  they  all  enhance  each 
other  and  the  whole  is  greater  than  the  sum  of  the  parts  and  we 
learn  from  each  of  them. 

Mr.  Moore.  Yes,  sir.  Sir,  I  am  willing  to  answer  your  questions 
to  the  best  of  my  ability. 

Mr.  Scheuer.  Take  us  to  the  mountain  top,  briefly,  because  1 
have  some  specific  questions  to  ask  you. 

So  make  this  a  quick  trip  to  the  mountain  top,  and  tell  us  what 
you  have  learned  as  a  long  time  and  very  experienced  administra- 
tor of  NASA,  with  a  record  of  demonstrated  success  behind  you 
that  nobody  could  question,  what  have  we  learned  from  this  experi- 
ence, and  whether  the  lessons  we  have  learned— how  do  you  think 
we  ought  to  apply  them? 

Mr.  Moore.  I  think,  sir,  there  are  a  number  of  areas  that  we 
need  to  look  at  from  the  very  tragic  and  hard  lessons  we  have 
learned  from  the  Challenger  tragedy. 
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Mr.  ScHEUER.  Do  you  basically  support  the  conclusions  of  the 
Rogers'  Commission? 

Mr.  Moore.  As  I  stated  in  my  written  testimony,  I  firmly  endorse 
the  recommendations  of  Chairman  Rogers  and  I  think  they  have 
done  an  outstanding  and  very  commendable  job  in  the  depth  and 
comprehensiveness  with  which  they  have  approached  the  recom- 
mendations. 

Mr.  ScHEUER.  Do  you  have  any  other  insights  in  addition  to  their 
insights? 

Mr.  Moore.  I  would  like  to  share  with  you  some  areas  that  I 
think  we  need  to  look  at  as  part  of  the  overall  decision  making  and 
management  process  for  the  shuttle.  I  think  we  need  to  go  back 
and  to  make  sure  we  clearly  define  the  roles  of  NASA  headquar- 
ters, the  roles  of  the  Centers  in  the  overall  management  of  the 
STS. 

I  think  we  need  to  relook  at  that  kind  of  interaction  and  the 
kind  of  specific  roles,  responsibilities,  to  ensure  that  authority  and 
responsibility  is  commensurate  in  terms  of  the  role  definitions  for 
the  various  levels  of  management  in  NASA. 

I  think  we  need  to  look  at  strengthening  NASA  headquarters.  I 
would  say  that  in  my  tenure  at  NASA  headquarters  we  had  a  de- 
cline in  staff  in  the  Office  of  Space  Flight. 

Mr.  Scheuer.  A  declining  staff? 

Mr.  Moore.  It  was  a  decline  in  the  number  of  staff,  and  I  think 
we  need  to  look  at  what  is  the  proper  level  of  staffing  requirements 
to  do  this  particular  job. 

I  also  think  we  need  to  look  to  make  sure  we  get  as  much  techni- 
cal expertise  into  the  Office  of  Space  Flight  as  we  possibly  can. 

Mr.  Scheuer.  Of  course,  Mr.  Moore,  we  had  plenty  of  expertise 
that  was  infused  into  the  decisionmaking  process 

Mr.  Moore.  I  understand  that. 

Mr.  Scheuer  [continuing].  By  the  Morton  Thiokol  people. 

Mr.  Moore.  But  I  think,  sir,  you  need  to  make  sure  that  here  in 
Washington  there  is  a  good  level  of  technical  expertise  that,  in 
fact,  can  work  on  a  plane  with  the  real  experts  that  the  contrac- 
tors, the  engineers,  the  safety  people  at  the  contractors  and  at  the 
NASA  Centers  and  so  forth  in  terms  of  making  sure  this 

Mr.  Scheuer.  Mr.  Moore,  the  technical  expertise  was  made  avail- 
able by  the  Morton  Thiokol  people  and  by  the  Rockwell  people, 
both  as  to  the  clear  and  present  danger  in  their  perception  that 
was  caused  by  the  0-ring  and  as  far  as  the  Rockwell  people,  the 
problem  of  the  freezing  temperature,  the  threat  that  posed.  It  was 
there. 

It  was  known  by  people  and  we  have  had  testimony  from  Mi- 
chael Weeks  that  he  briefed  you  on  that  critical  briefing  in  August 
1985,  showed  you  the  briefing  documents  and  so  forth.  So  our  ques- 
tion has  to  be  how  could  this  have  happened  if  you,  at  the  highest 
level  in  Washington,  were  briefed  by  Mr.  Weeks  on  every  aspect  of 
that — I  think  it  is  August  19. 

Mr.  Moore.  It  was  August  19,  I  think,  sir,  was  the  briefing  date. 

Mr.  Scheuer.  You  got  a  briefing  and  you  got  the  briefing  docu- 
ments according  to  Mr.  Weeks.  I  asked  him  the  question  right  here 
where  we  are  sitting  today. 

Mr.  Moore.  Let  me  comment  on  that,  if  I  might. 
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Let  me  comment  on  the  ice  situation  and  then  I  will  come  back 
and  comment  on  the  O-ring  situation.  In  the  ice  situation  our  tech- 
nical experts  and  teams  did  have  a  comprehensive  set  of  meetings 
with  Rockwell  on  the  potential  impacts  of  the  ice  situation. 

That  was  looked  at  very  thoroughly  and  the  people  came  back  in 
the  level  2  office  and  recommended  to  me  that  they  felt  it  was  OK 
and  safe  to  launch.  So  I  accepted  their  recommendation  from  the 
overall  expertise  relative  to  the  ice. 

Mr.  ScHEUER.  This  is  after  the  August  19  meeting? 
Mr.  Moore.  This  was  the  day,  the  morning  of  51-L  launch.  It 
was  an  ice  problem  and  we  knew  there  would  be  ice  on  the  launch 
pad.  We  left  certain  things  on  in  the  launch  system  in  order  to 
make  sure  we  didn't  have  a  lot  of  freezing  damage. 

So  we  knew  there  was  some  ice  and  we  accepted  that  technical 
judgment. 

Mr.  ScHEUER.  You  were  aware  at  that  time  of  the  concerns  of  the 
Rockwell  safety  engineers? 

Mr.  Moore.  It  was  reported  to  me  at  level  1  that  morning  that 
there  was  not  a  flight  safety  concern,  that  there  was  a  turnaround 
impact  relative  to  tile  that  might  have  some  impacts  as  a  result  of 
the  ice,  but  not  a  flight  safety  concern  on  the  particular  ice. 
That  was— let  me  get  back  to  the  O-ring. 
Mr.  Scheuer.  Let's  get  back  to  the  August  19  briefing. 
In  this  briefing  document  that  you  apparently  were  given  by  Mi- 
chael Weeks  it  says,  and  I  quote,  "Efforts  need  to  continue  at  an 
accelerated  pace  to  eliminate  SRM  seal  erosion."  Somewhere  in 
that  briefing  it  mentions  before  another  launch.  That  was  the 
thrust  of  the  testimony. 

Mr.  Moore.  On  August  19  I  had  planned  to  attend  that  briefing. 
The  morning  of  August  19  when  that  briefing  was  given  I,  in  fact, 
was  working  with  our  center  directors  on  an  engine  problem.  I  did 
not  attend  that  briefing. 
Mr.  Scheuer.  This  is  not  an  issue,  Mr.  Moore. 
Mr.  Moore.  I  did  not  get  the  report  from  Mr.  Weeks.  I  did  not 
read  that  report  that  was  given  to  NASA  headquarters  on  August 
19.  So  if  that  was  the  lead  that  was  not  true. 
Mr.  Scheuer.  Let  me  read  to  you  Mr.  Week's  testimony. 
Mr.  Moore.  Yes,  sir. 

Mr.  Scheuer.  His  testimony  before  this  committee  in  this  very 
room,  "I  did  brief  Mr.  Moore  that  evening  of  August  19  as  we  were 
want  to  do  in  the  early  mornings  and  evenings.  I  briefed  him  on 
the  results  of  that— "—that  is  the  meeting— "—and  told  him  about 
the  briefing  and  showed  him  the  briefing." 

Presumably,  that  is  the  briefing  documents,  "as  we  left  that 
evening,  I  said  I  was  still  not  quite  satisfied  and  I  wanted  to  call 
somebody  that  I  had  great  trust  in."  So  on  and  so  forth. 

Mr.  Moore.  If  that  was  the  situation  that  certainly  is  not  com- 
mensurate with  my  recollection  of  the  situation.  Mr.  Weeks  did  say 
he  had  attended  the  briefing,  that  he  did  review  the  situation  with 
Morton  Thiokol  and  the  Marshall  people  and  he  felt  at  that  time 
that  his  judgment  was  that  it  was  OK  to  proceed  in  terms  of  our 
course  of  action. 
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That  is  the  extent  of  my  knowledge  of  the  August  19  briefing  and 
the  first  time  I  saw  the  briefing  was  actually  after  the  Challenger 
accident  on  January  28. 

Mr.  ScHEUER.  Well,  now,  the  Rogers'  Commission  concluded  in 
their  report — and  I  am  quoting — "the  0-ring  erosion  history  pre- 
sented to  level  one  at  NASA  Headquarters  in  August  1985  was  suf- 
ficiently detailed  to  require  corrective  action  prior  to  the  next 
flight." 

Mr.  Moore.  Right. 

Mr.  ScHEUER.  Do  you  agree  with  the  Rogers'  conclusion  that 
headquarters  should  have  corrected  the  problem  prior  to  the  next 
flight? 

Mr.  Moore.  In  our  hindsight  and  looking  at  the  August  19  brief- 
ing and  knowing  what  we  know  today,  I  would  say  yes,  we  should 
have  corrected  all  the  0-ring  problems  before  the  next  flight.  Yes, 
sir,  I  would  agree  with  you. 

Mr.  Scheuer.  Did  Mr.  Weeks  tell  you  that  Thiokol  was  calling 
for  an  accelerated  pace  to  eliminate  SRM  seal  erosion? 

Mr.  Moore.  To  my  recollection,  no. 

Mr.  Scheuer.  There  seems  to  be  a  very  serious  conflict. 

Mr.  Moore.  I  understand. 

Mr.  Roe.  The  committee  will  go  and  vote  and  return  as  quickly 
as  possible.  Then  we  will  refer  back  to  Mr.  Scheuer  from  New 
York. 

Mr.  Roe.  I  will  recognize  the  distinguished  gentleman  from  Cali- 
fornia who  has  an  ongoing  question  with  Mr.  Moore  he  would  like 
to  propound. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

I  spent  some  time  reviev/ing  the  implementation  plan,  which  I 
was  very  impressed  with,  frankly,  and  was  very  pleased  to  read 
carefully.  It  appears  to  do  a  good  job  on  the  short  term  of  getting 
us  back  into  flying  again,  taking  care  of  the  concerns  and  the  rec- 
ommendations of  the  Presidential  Commission,  and  I  guess  if  there 
is  any  area  that  stood  out,  at  least  to  this  member,  it  was  that 
beyond  that,  I  am  not  satisfied  that  there  is  a  good  plan  to  keep  us 
from  a  future  accident. 

Once  we  get  to  flying  and  we  fly  with  success,  as  in  the  past,  we 
become  rather — I  hate  to  use  the  word  complacent,  but  it  is  easy  to 
become  satisfied  with  the  status  quo  and  this  plan  is  to  get  us 
going,  but  I  sense  that  it  would  be  easy  for  us  to  fall  back  to  where 
NASA  develops  its  organizational  plan  and  develops  its  flow  plan 
of  review,  but  it  also — I  do  not  see  an  ongoing,  independent  review 
system  in  the  plan  for  a  5-year,  a  10-year  review  of  where  we  are  at 
at  that  point  in  time. 

That  gives  me  concern.  I  sense  that  we  could  fall  back  into  the 
same  communication  problems;  people  are  people.  We  can  run  into 
some  review  or  it  calls  for  a  review  of  critical ity  lists  and  recertifi- 
cation  of  those,  but  5  years  from  now  we  may  need  to  recertify  that 
list  again. 

I  see  no  ongoing  program;  that  bothers  me. 

Would  you  comment,  please? 

Mr.  Moore.  I  think  in  the  near  term  there  are  a  couple  of  things 
that  I  think  Admiral  Truly  and  Dr.  Fletcher  have  done  to  give  us 
independent  looks  at  this  thing,  not  with  outside  people  necessari- 
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ly — one  is  Admiral  Truly  is  planning  to  set  up  a  flight  safety  panel, 
and  I  think  that  is  a  good  approach  to  setting  up  an  organization 
that  has  flight  safety  essentially  tattooed  on  their  forehead  and 
that  is  a  continuing  kind  of  presence  of  flight  safety. 

I  think  the  other  thing  that  the  administrator  has  done,  which 
hopefully  will  be  a  long-term,  positive  thing  relative  to  flight  safety 
and  looking  at  the  progress  of  the  program  downstream  and  ensur- 
ing that  the  proper  checks  and  balances  are  made  to  set  up  an  in- 
dependent SR&QA  office,  safety  reliability  and  quality  assurance, 
and  to  put  that  organization  at  a  very  high  management  level  re- 
porting directly  to  the  administrator  and  if  that  function  is  imple- 
mented properly,  it  is  another  way  to  get  the  presence  for  the  long 

term. 

You  might  also  look  at  setting  up  or  periodically  calling  in  an 
independent  group  from  the  outside  to  sit  back  and  essentially  get 
out  of  the  trees  and  try  to  look  at  the  forest. 

Mr.  Packard.  That  is  what  I  would  like  to  see. 

Mr.  Moore.  I  think  that  is  something  that  should  be  considered 
and  I  believe  it  will  be  considered  as  to  how  you  provide  independ- 
ent oversight  over  the  very  long  term  after  you  have  gone  back  and 
gotten  a  couple  of  years  of  flight  under  your  belt,  you  want  to 
make  sure  that  the  system  is  as  keen  as  ever.  You  want  to  main- 
tain acuteness  in  the  system  and  make  sure  everything  is  sharp 
and  the  lines  of  responsibility  are  clear. 

I  think  that  can  be  done  and  I  believe  that  idea  will  be  looked  at 
as  part  of  Captain  Crippen's  activity  and  General  Philips'  activity. 

Mr.  Packard.  Organizations  tend  to  be  self-contained,  impervious 
to  external  review  and  oversight  and  they  set  up  their  manage- 
ment system,  rules  and  procedures  and  guidelines,  but  at  the  same 
time  they  tend  to  set  up  their  own  oversight  and  review  process 
and  sometimes  they  get  caught  up  in  the  overall — and  it  would 
take  an  outside,  independent  organization  to  occasionally  look  at 
them  and  see  that  they  aren't  rootbound. 

I  mentioned  the  criticality  issue.  That  is  recommendation  No.  3 
wherein  it  says,  NASA  and  the  primary  shuttle  contractor  should 
review  all  criticality  1,  1-R,  2-R  problems  and  hazard  analysis  and 
then  to  recertify  those. 

I  would  like  to  see,  after  another  5-year  program,  once  we  are 
flying  again,  5  years  from  now,  a  rereview  of  that.  I  think  that  as 
now  we  can  see  that  there  are  some  areas  that  perhaps  ought  to  be 
moved  from  one  category  to  another  and  maybe  some  recertifica- 
tion. 

I  would  assume  that  5  years  from  now  we  may  have  a  different 
view  in  some  areas.  I  think  it  would  be  worthwhile  to  reevaluate  it 
again  at  the  end  of  a  period  of— not  necessarily  5  years,  but  at 
some  point  in  time  have  a  regular,  scheduled  rereview. 

Mr.  Moore.  Yes,  sir.  I  agree  with  you. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  I  thank  the  gentleman. 

The  Chair  recognizes  the  gentleman  from  New  York. 

Mr.  Scheuer.  Thank  you,  Mr.  Chairman. 

Mr.  Moore,  we  left  for  that  roll  call  vote  just  at  the  point  where 
we  were  coming  to  what  was  apparently  a  total  conflict,  a  clear — 
we  left  for  that  roll  call  vote  at  the  point  where  we  had  met  an 
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apparent  conflict  between  your  testimony  and  Mr.  Weeks',  so  I 
want  to  make  certain  that  everybody  understands  everybody. 

Are  you  telling  us  that  you  didn't  receive  a  briefing  from  Mr. 
Weeks  and  that  you  didn't  receive  the  briefing  documents  from  Mr. 
Weeks  that  was  given  to  headquarters  by  the  Thiokol  officials? 

Mr.  Moore.  To  my  recollection,  the  first  time  I  remember  seeing 
that  document  was  on  January  29  or  January  30,  right  after  the 
Challenger  accident.  I  was  shown  a  document  which  contained  the 
briefing  material.  It  also  subsequently  came  up  in  one  of  the  earli- 
er discussions  with  Chairman  Rogers  and  his  Commission  which  is 
the  other  time  I  have  seen  some  of  that. 

Postaccident  was  the  first  time  I  had,  to  my  knowledge,  as  I  said, 
seen  that  particular  briefing.  I  had  not  sat  down  and  been  given  a 
briefing  on  the  Thiokol  presentation  on  August  19. 
Mr.  ScHEUER.  No  kind  of  a  briefing? 
Mr.  Moore.  No,  sir. 

Mr.  Weeks  verbally  said  that  the  meeting  was  held  that  day  on 
August  19  and  that  in  effect  that  he  felt  comfortable  with  the  over- 
all conclusions,  although  he  did  have  one  more  concern.  He  felt  he 
wanted  to  talk  to  somebody  else  at  Marshall  and  he  did,  I  believe, 
talk  to  Mr.  Hardy  and  said  that  he  thought  based  on  the  data  and 
also  on  the  Titan  success  that  in  fact  there  was  an  acceptable  posi- 
tion as  far  as  he  was  concerned  and  that  is  where  I  left  the  infor- 
mation and  that  was  the  information  I  was  given. 

Mr.  ScHEUER.  He  didn't  indicate  the  kind  of  depth  of  concern 
that  would  have  led  you  to  believe  that  additional  time  was  needed 
or  that  additional  resources  needed  to  apply  to  some  of  these  prob- 
lems before  launch? 

Mr.  Moore.  No,  sir.  I  did  not  get  the  feeling  that  we  should  have 
grounded  the  shuttle  fleet  prior  to  the  next  flight  as  a  result  of 

that  particular  briefing.  We  had  also  had 

Mr.  ScHEUER.  Let  me  interrupt  you  at  that  point.  If  you  had  had 
this  briefing  document,  you  say  you  didn't  get  it  and  that  you 

didn't  get  an  oral  briefing  as  to  the  contents  of  this  document 

Mr.  Moore.  That  is  correct. 

Mr.  ScHEUER.  If  you  had  both  the  briefing  document  and  an  oral 
briefing,  which  conveyed  the  seriousness  of  the  problems  from  the 
Morton  Thiokol  engineers,  what  would  you  have  done? 

Mr.  Moore.  That  is  a  good  question  and  we  are  looking  at  it  in 
hindsight.  I  believe  that  looking  at  the  document  and  looking  at 
some  of  the  issues  that  were  cited  about  criticality  1,  flight  safety 
issues  and  mission  success  issues  that  came  out  in  the  series  of  the 
document  there,  I  believe  we  would  have  initiated  a  formal  team  to 
go  off  and  take  a  much  more  concentrated  look  at  it. 

That  is  exactly  what  was  done  during  one  of  the  flights  in  July 
where  we  lost  a  couple  of  temperature  sensors  on  the  engine.  I  ini- 
tiated or  asked  Mr.  John  Yardley  to  chair  a  committee  to  look  at 
what  we  should  do  about  the  temperature  sensors  on  the  main 
engine.  The  morning  of  the  August  19  briefing  was  in  fact  when  we 
were  sitting  down  with  the  directors  talking  about  what  we  were 
going  to  do  with  the  temperature  sensors  on  the  engines. 

So  I  believe  my  actions  would  have  been  to  form  a  team  of  ex- 
perts to  assess  this  data  and  to  make  recommendations  on  what 
our  course  of  action  should  be  at  that  point  in  time. 
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Mr.  ScHEUER.  Mr.  Moore,  your  testimony — it  is  perfectly  obvious 
to  you  and  to  the  rest  of  us — is  at  serious  variance  with  your 
deputy. 

Mr.  Moore.  Yes,  sir. 

Mr.  ScHEUER.  Why  is  there  this  conflict? 

Mr.  Moore.  I  had  not  seen  Mr.  Weeks'  testimony  prior  to  today, 
so  I  will  have  to  sit  down  and  talk  to  Mr.  Weeks  about  it. 

Mr.  Scheuer.  Well,  you  can  read  the  Rogers  Commission  report. 
On  148  item  5  under  findings,  the  O-ring  history  presented  to  level 
1  at  NASA  headquarters  in  August  1985  was  sufficiently  detailed 
to  require  corrective  action  prior  to  the  next  flight. 

Mr.  Moore.  I  agree  with  that  statement  there  about  the  data 
that  was  presented  and  so  forth. 

Mr.  Scheuer.  To  level  1? 

Mr.  Moore.  To  level  1. 

Mr.  Scheuer.  And  you  were  the  top  banana  at  that  time? 

Mr.  Moore.  I  was  level  1. 

Mr.  Scheuer.  They  say  the  buck  stops  here. 

Mr.  Moore.  I  understand  that.  I  have  people  in  my  organization 
that  also  have  various  data  that  they  have  to  look  at  and  make 
judgments  on  and  make  recommendations  and  establish  positions 
as  far  as  what  actions  the  Office  of  Space  Flight  takes.  You  rely  on 
the  people  in  your  organization  to  make  judgments  and  to  make 
comments  and  recommendations  to  you  and  that  is  what  I  thought 
I  was  doing,  sir. 

Mr.  Scheuer.  We  had  a  very  serious  failure,  in  fact,  a  total 
breakdown  of  communications  at  level  1  and  NASA  in  Washington; 
is  that  correct? 

Mr.  Moore.  I  am  not  sure  I  want  to  call  it  a  very  serious  break- 
down of  communications.  Mr.  Weeks,  as  I  said,  did  tell  me  the 
night  after  the  August  19  briefing  that  he  had  met  with  the  people 
and  he  talked  about  who  all  was  there  and  listened  to  the  Thiokol 
briefing  with  the  Marshall  people  and  in  his  judgment  he  said  I 
don't  think  we  have  overly  concern  to  stop  or  accelerate  the  flights. 
He  had  one  more  concern  that  he  said  he  wanted  to  talk  to  one  of 
his  people  that  he  trusted.  He  did  talk  to  George  Hardy,  I  believe, 
at  the  Marshall  Space  Flight  Center  and  came  back  and  said  he 
thought  the  situation  was  acceptable. 

Mr.  Scheuer.  Did  he  get  back  to  you  after  talking  to  Mr.  Hardy 
and  report  to  you? 

Mr.  Moore.  I  don't  believe  he  talked  to  me  after  he  talked  to  Mr. 
Hardy.  I  do  not  think  so.  This  has  been  a  year  ago  and  that  specific 
activity  is  awfully  difficult  to  recollect,  the  specific  actions  that  ex- 
actly took  place. 

Mr.  Scheuer.  Well,  now,  did  Mr.  Weeks  fail  to  communicate  to 
you  the  substance  of  that  August  19  briefing  or  was  it  his  job  to 
have  exercised  proper  engineering  or  safety  judgment,  let's  say,  on 
the  basis  of  the  facts  as  he  knew  them?  Was  it  a  failure  of  decision- 
making on  his  part  or  communications  on  his  part? 

Mr.  Moore.  Sir,  I  think  that  in  a  position  like  Mr.  Weeks  is  in, 
we  have  to  work  as  a  team.  For  example,  and  people  have  to  make 
assessments  on  situations  and  I  think  Mr.  Weeks  looked  at  the 
data  and  his  assessment  was  that  he  thought  we  had  a  program 
adequate  to  cover  the  activities  in  the  SRB.  He  believed  that  after 
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he  had  talked  to  the  people  at  Thiokol  and  he  also  believed  that,  I 
think,  after  talking  to  the  people  at  Marshall  and  I  believe  his  posi- 
tion was  that  in  fact  was  an  acceptable  posture  for  him  to  take. 

Part  of  his  responsibility  is  to  make  technical  judgments. 

Mr.  ScHEUER.  And  to  communicate  with  you  and  enable  you  to 
be  part  of  the  decisionmaking  process  on  something  as  important 
as  the  existence  of  life-threatening  and  mission-threatening  condi- 
tions. 

Mr.  Moore.  I  would  say,  sir,  in  looking  up  and  down  the  system 
and  what  has  been  determined  about  the  SRB  from  the  many  anal- 
yses and  work  that  has  been  done  in  the  past,  I  don't  think  the 
system  all  the  way  from  day  1  of  the  program  really  understood  all 
the  implications  of  how  the  SRB  joints  worked  and  I  think  that  we 
have  learned,  all  of  us  have  learned,  an  awful  lot  about  the 
SRB 

Mr.  ScHEUER.  I  hope  we  have  learned  something  about  decision- 
making and  communications,  too.  I  find  it  absolutely  painful  to  sit 
here  and  listen  to  you  and  you  are  a  decent  and  knowledgeable 
man  and  I  respect  you,  but  I  find  it  absolutely  painful  to  sit  here 
and  have  you  tell  us  that  you  didn't  know  about  these  communica- 
tions and  that  you  were  not  part  of  the  decisionmaking  process. 

Mr.  Moore.  I  don't  want  you  to  come  away  with  that  opinion.  I 
am  talking  about  a  specific  briefing  and  I  am  telling  you  what  was 
given  to  me  after  the  briefing.  That  was  a  report  from  my  deputy, 
that  he  believed  the  situation  was  acceptable  as  far  as  assessment 
of  the  data  presented  to  him,  and  I  trust  the  people  in  the  organi- 
zation to  make  those  kinds  of  judgments. 

We  have  to  make  those  judgments  on  a  day-to-day  kind  of  basis, 
but  I  did  hear  at  flight  readiness  reviews,  as  everybody  as  a 
member  of  the  overall  shuttle  team  heard  about  issues  associated 
with  the  0-ring  problem.  I  believe  the  first  time  this  was  experi- 
enced on  the  Shuttle  Program  was  all  the  way  back  to  flight  2. 

Mr.  Scheuer.  Mr.  Moore,  time  is  running  short.  I  read  to  you 
before  the  statement  in  the  Rogers  Commission  report  that  level  1 
at  NASA  headquarters  knew  enough,  had  sufficiently  detailed  in- 
formation that  the  launch  should  be  delayed  until  corrective  action 
was  taken. 

Mr.  Moore.  Yes,  sir. 

Mr.  Scheuer.  Now,  did  you  have  that  knowledge?  Did  you  share 
that  knowledge  from  the  many  briefings  you  had  from  the  continu- 
ous input  that  you  had? 

Mr.  Moore.  I  did  not  as  the  head  of  the  level  1  office  believe  the 
problem  with  the  SRB  O-rings  was  serious  enough  to  consider  stop- 
ping the  launches.  If  I  did,  I  would  have  stopped  the  launches,  sir. 

Mr.  Scheuer.  Where  was  the  failure? 

Mr.  Moore.  I  think 

Mr.  Scheuer.  Was  it  in  your  being  communicated  with  by  Mr. 
Weeks?  Was  it  a  failure  of  judgment  on  Mr.  Weeks'  part  that  all 
systems  were  go?  Where  was  the  failure? 

Mr.  Moore.  I  think  in  looking  at  the  whole  situation,  I  think 
there  was  a  failure  to  communicate  the  technical  seriousness  from 
the  contractors  involved  in  this  program  through 

Mr.  Scheuer.  The  contractors  sent  it  up.  It  got  to  Mr.  Weeks 
that  there  was  that  briefing  in  which  level  1  of  NASA  was  in- 
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volved.  The  safety  engineers  sent  out  their  clarion  call,  they  were 
yelling  for  help. 

Mr.  Moore.  If  you  are  talking  about  that  one  incident,  I  can  give 
you  one  answer  as  far  as  that  incident  is  concerned.  If  you  are  talk- 
ing about  the  general  understanding  we  had  about  the  SRB,  I  can 
give  you  another  answer. 

On  the  basis  of  the  specific  August  19  briefing  that  was  present- 
ed, I  believe  there  should  have  been  a  stronger  statement  made  to 
me  that  we  have  a  much  more  serious  problem  by  Mr.  Weeks  or 
any  of  the  people  who  attended  that  briefing.  Mr.  Weeks  was  not 
the  only  one  at  the  briefing.  There  were  others  at  the  briefing  who 
had  some  knowledge  about  the  SRB. 

Mr.  ScHEUER.  Who  were  they  that  within  their  job  description 
should  have  known  that  they  should  communicate  with  you  on  the 
seriousness 

Mr.  Moore.  I  don't  recall  the  specific  list  of  attendees  at  that 
particular  meeting,  but  people  that  were  in  the  overall  propulsion 
area  of  the  office  of  space  flight — and  the  office  of  space  flight  is 
level  1 — that  is  the  level  1 — people  who  had  experience  in  this 
thing. 

I  believe  if  they  felt  after  that  August  19  briefing  that  we  had  a 
problem,  that  the  system  should  be  grounded,  that  somebody  would 
have  come  and  said,  "We  have  got  a  problem  serious  enough  to 
ground  the  shuttle  flight." 

That  did  not  occur,  and  I  believe  it  was  based  on  a  collective  set 
of  judgments  that  we  did  not  believe  the  problem  was  as  serious. 

In  hindsight,  I  think  we  should  have  taken  much  stronger  action 
after  the  August  19  briefing.  I  wish  I  had  read  and  looked  through 
the  particular  briefing.  I  did  not,  and  if  I  had  the  knowledge  then 
that  I  have  today,  we  would  have  grounded  the  fleet.  I  did  not  have 
it  at  the  time. 

Mr.  ScHEUER.  You  have  opened  up  a  Pandora's  box  of  questions, 
but  I  do  want  to  thank  you  for  your  candor  and  your  forthcoming 
attitude.  It  has  been  of  great  benefit  to  this  committee. 

Mr.  Roe.  The  gentleman  from  Florida. 

Mr.  Lewis.  Mr.  Moore,  should  the  program  management  remain 
at  Johnson? 

Mr.  Moore.  I  think  that  is  certainly  a  topic  that  is  going  to  be 
studied  very,  very  carefully.  I  think  there  are  a  couple  of  options 
that  can  be  looked  at  that  would  keep  the  major  parts  of  program 
management  that  has  been  in  operation  at  the  Johnson  Space 
Center  at  the  Johnson  Space  Center. 

There  are  a  lot  of  tools,  roots  and  capabilities.  I  think,  on  the 
other  hand,  there  should  be  some  looks  at  the  Office  of  Space 
Flight  for  finding  some  way  to  strengthen  the  overall  program 
management  in  the  Office  of  Space  Flight. 

And  one  concept  might  be  to  have  a  shuttle  program  director 
within  the  Office  of  Space  Flight  and  working  with  the  level  2  pro- 
gram office  at  the  Johnson  Space  Center. 

My  answer  is,  I  believe  the  level  2  program  office,  with  some 
strengthening,  and  the  level  1  program  office,  with  some  strength- 
ening— we  can  make  it  work  and  it  should  remain  at  the  Johnson 
Space  Center. 
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Mr.  Lewis.  Do  you  believe  the  program  manager  should  control 
all  the  resources? 

Mr.  Moore.  I  believe  it  has  a  strong  say  in  the  resources.  That 
range  from  assessing  is  the  balance  right  across  the  program,  be- 
cause that  is  a  tough  job  to  do  when  you  are  looking  at  budgets  and 
resources,  do  you  have  the  right  balance  across  the  many  elements 
of  a  shuttle  program  as  far  as  resources  are  concerned. 

I  think,  as  a  minimum,  there  should  be  strong  consideration 
given  for  the  program  office,  the  level  2  office,  to  have  change  con- 
trol funding. 

Once  you  have  established  a  base  line  content  for  your  program, 
any  changes  to  that  must  go  through  the  level  2  office,  and  I  think 
that,  coupled  with  some  technical  strengthening  in  the  level  2 
office,  would  make  a  much  more  solid  shuttle  program  manage- 
ment team. 

Mr.  Lewis.  Thank  you. 

Mr.  Roe.  The  Chair  recognizes  the  distinguished  gentleman  from 
Texas. 

Mr.  Andrews.  Thank  you,  Mr.  Chairman. 

Welcome  to  Washington.  I  always  like  it  when  my  new  constitu- 
ents come  here.  He  is  not  registered  to  vote,  but  I  am  going  to  take 
care  of  that. 

Mr.  Moore,  as  I  understand,  an  independent  safety  office  has 
been  established  at  the  Associate  Administrator  level. 

Mr.  Moore.  Yes,  sir. 

Mr.  Andrews.  Safety  Officers  at  the  lower  level  of  NASA  can 
report  directly  up  the  chain  to  his  office,  and  I  wondered  if  you 
would  comment  on  that. 

Are  you  satisfied  with  that?  Does  that  look  like  an  appropriate 
response  to  you? 

Mr.  Moore.  Well,  I  think  the  specific  implementation  of  the 
shuttle  safety  panel — I  believe  that  is  what  you  are  referring  to — 
has  not  been  defined  j'et. 

I  think  the  Associate  Adm.inistrator  for  Space  Flight  expects  by 
September  1,  1986,  to  define  the  specific  functions  and  roles  of  that 
shuttle  flight  safety  panel. 

As  I  commented  earlier,  I  think  it  is  a  good  idea.  I  think  it  has  to 
be  structured  properly  to  make  it  work,  but  it  does  have  a  function 
of  making  sure  that  flight  safety  is  on  the  top  of  our  minds,  is  on 
the  top  of  our  priority,  and  I  think  it  can  work  very,  very  well,  pro- 
vided the  roles  and  so  forth  are  defined  with  some  degree  of  specif- 
ics to  them. 

Mr.  Andrews.  As  you  know,  there  has  been  great  discussion  and 
debate  on  going  about  the  mix  of  vehicles  that  we  need  to  have  for 
the  stable  reliable  kind  of  capability  we  need  in  the  next  decade  or 
so. 

I  wonder  if  you  would  give  us  your  thoughts  about  what  this  mix 
should  consist  of. 

Mr.  Moore.  Well,  I  think — let  me  back  up  and  give  you  a  little 
background.  About  a  year  and  a  half  ago  I  began  working  v/ith  Sec- 
retary Aldridge  in  terms  of  complementary  ELV's,  NASA,  and 
DOD  did  agree  on  a  complementary  balance  of  fleet  between  shut- 
tle flights  and  ELV  flights. 
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I  think  we  need  to  retain  for  this  Nation  a  complementary  fleet 
of  vehicles.  I  think  we  need  to  do  some  studies  to  make  sure  that 
any  new  vehicles  we  undertake  are,  in  fact,  vehicles  that  will  meet 
the  real  requirements  that  we  see  coming  downstream. 

It  is  awfully  tough  to  project  over  a  decade  of  time,  or  even  two 
decades  of  time,  what  the  real  flight  requirements  are  going  to  be 
for  these  kinds  of  vehicles. 

So,  I  think  studies  are  needed  and  are  bemg  done  with  NASA 
and  DOD,  and  I  think  it  is  very  important  that  we  identify  what 
those  requirements  are  and  look  at  what  options  this  Nation  has  in 
moving  forward  to  next  generation  systems. 

What  is  critical  now  is  to  underpin  those  systems  with  technolog- 
ical basis  so  that  we  do  not  preclude  options  for  going  forward  with 
a  specific  design  of  an  ELV  for  a  manned  system  or  an  unmanned 

system. 

There  is  technology  work  that  needs  to  be  done,  and  I  believe  it 
is  important  for  the  Nation  to  develop  that  technology  so  the 
Nation  can,  in  fact,  make  a  wise  choice  in  terms  of  what  our  next 
systems  will  be  in  terms  of  launch  vehicles. 

Mr.  Andrews.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Roe.  Thank  you  very  much  for  being  with  us  and  the  pa- 
tience to  wait  through  our  rollcall  votes.  You  have  made  a  good 
contribution  through  your  testimony. 

The  committee  will  recess  until  1:30.  We  will  reconvene  at  1:30, 
and  our  first  witness  this  afternoon  is  Mr.  Robert  F.  Thompson. 

[Whereupon,  at  12:40  p.m.,  the  committee  recessed  to  reconvene 
at  1:30  p.m.] 

AFTERNOON  SESSION 

Mr.  Roe.  The  committee  will  reconvene,  resume  our  hearing 
from  this  morning.  We  have  witnesses  for  this  afternoon's  session, 
three  people  who  have  served  as  program  managers  at  the  Johnson 
Space  Center  since  the  program  began. 

I  want  to  welcome  Robert  Thompson,  vice  president,  space  sta- 
tions, McDonnell  Douglas  Astronautics  Co.;  G.S.  Lunney,  president, 
satellite  system  division,  Rockwell  International;  and  Arnold  Al- 
drich,  manager.  National  Space  Transportation  System,  Lyndon  B. 
Johnson  Space  Center,  NASA. 

I  see  we  are  going  to  be  sparse  for  the  moment,  but  we  will  pro- 
ceed. 

We  will  take  the  testimony  first,  the  prepared  testimony,  and 
then  we  will  double  back  and  see  what  we  want  to  discuss.  Suppose 
we  hear  from  Mr.  Robert  Thompson  first. 

STATEMENTS  OF  ROBERT  F.  THOMPSON,  VICE  PRESIDENT, 
SPACE  STATIONS,  McDONNELL  DOUGLAS  ASTRONAUTICS  CO.; 
G.S.  LUNNEY,  PT,  SATELLITE  SYSTEM  DIVISION,  ROCKWELL 
INTERNATIONAL;  AND  ARNOLD  ALDRICH,  MANAGER,  NATION- 
AL SPACE  TRANSPORTATION  SYSTEM,  LYNDON  B.  JOHNSON 
SPACE  CENTER,  NASA 
Mr.  Thompson.  Mr.  Chairman,  members  of  the  Committee  on 

Science  and  Technology,  I  am  pleased  to  appear  before  you  today 
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and  am  most  willing  to  offer  my  comments  and  assessments  of  the 
Commission's  report  relative  to  the  Challenger  accident. 

By  way  of  introduction  and  background,  I  am  a  former  NASA  of- 
ficial having  served  NASA  and  its  predecessor  agency  NACA  for  a 
period  of  34  years.  My  last  assignment  within  NASA  was  shuttle 
program  manager. 

I  served  in  this  capacity  for  11  years.  My  tenure  covered  the  pre- 
liminary design  phase  from  1970  until  1972  and  then  the  design, 
development,  test  and  evaluation  phase  from  1972  until  after  the 
first  orbital  test  flight  in  1981.  I  retired  from  NASA  following  the 
first  orbital  test  flight  of  the  shuttle  and  subsequently  accepted  a 
position  with  my  current  company. 

I  have  carefully  reviewed  the  body  of  the  Commission  report  and 
have  the  following  observations: 

One,  with  regard  to  the  physical  cause  of  the  accident,  the  evi- 
dence pointing  to  the  joint  failure  appears  to  be  clear  and  straight- 
forward. The  post  accident  analysis  and  test  of  the  joint  have  clear- 
ly pointed  out  some  weaknesses  in  this  design. 

Apparently,  after  24  successful  launches  a  combination  of  condi- 
tions during  the  51-L  launch  finally  added  up  to  a  disastrous  fail- 
ure. I  don't  feel  that  I  can  add  any  useful  observations  to  the  basic 
cause  of  the  accident. 

Two,  in  your  letter  of  invitation  you  asked  especially  for  my  com- 
ments and  assessments  pertaining  to  the  decisionmaking  process 
and  the  role  of  the  program  manager. 

I  would  first  like  to  make  an  observation  on  the  decisionmaking 
process.  Evidence  in  retrospect  points  to  a  long  period  of  time  espe- 
cially based  on  post  flight  inspections  when  the  joint  design  weak- 
ness was  "sending  a  message"  and  the  true  potential  of  this  mes- 
sage was  not  perceived  and  reacted  to. 

This,  combined  with  prelaunch  discussions  between  Marshall  and 
Thiokol  points  out  the  need  for  a  process  that  must  pervade  the 
shuttle  management  team  in  the  future.  A  very  strong  risk  man- 
agement— I  have  parentheses  around  risk  management.  I  will  be 
happy  to  expand  on  that.  It  has  a  certain  meaning  to  me.  A  very 
strong  risk  management  organization  must  be  kept  in  place  and  a 
continuing  search  for  potential  failures  must  be  maintained.  Unfor- 
tunately, this  is  easier  said  than  done  and  the  decision  to  fly  will 
always  contain  some  risk.  We  must,  however,  regain  our  ability  to 
use  the  shuttle  effectively. 

The  role  of  the  program  manager  in  this  risk  management  orga- 
nization must  be  very  strong  and  clear.  The  entire  program  organi- 
zation from  top  to  bottom  must  be  clearly  chartered  and  as  people 
come  and  go  these  organizational  relationships  must  be  carefully 
maintained.  Direct  and  appeal  channels  must  be  clearly  understood 
and  utilized. 

In  conclusion,  I  would  like  to  state  that  I  endorse  the  nine  basic 
recommendations  of  the  Commission  and  feel  that  the  report  has 
been  very  effectively  prepared. 

I  would  be  most  happy  to  answer  any  further  questions  that  you 
might  have. 

[The  prepared  statement  of  Mr.  Thompson  follows:] 
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MR.  CHAIRMAN.  MEMBERS  OF  THE  COMMITTEE  ON  SCIENCE  AND  TECHNOLOGY. 
I  AM  PLEASED  TO  APPEAR  BEFORE  YOU  TODAY  AND  AM  MOST  WILLING 
TO  OFFER  MY  COMMENTS  AND  ASSESSMENTS  OF  THE  COMMISSION'S  REPORT 
RELATIVE  TO  THE  CHALLENGER  ACCIDENT, 

BY  WAY  OF  INTRODUCTION  AND  BACKGROUND  I  Af-I  A  FORMER 
NASA  OFFICIAL  HAVING  SERVED  NASA  AND  ITS  PREDECESSOR  AGENCY 
NACA  FOR  A  PERIOD  OF  3^   YEARS.  MY  LAST  ASSIGNMENT  WITHIN 
NASA  WAS  SHUTTLE  PROGRAM  MANAGER.  I  SERVED  IN  THIS  CAPACITY 
FOR  11  YEARS.  MY  TENURE  COVERED  THE  PRELIMINARY  DESIGN  PHASE 
FROM  1970  UNTIL  1972  AND  THEN  DESIGN.  DEVELOPMENT.  TEST  AND 
EVALUATION  PHASE  FROM  1972  UNTIL  AFTER  THE  FIRST  ORBITAL  TEST 
FLIGHT  IN  1981.  I  RETIRED  FROM  NASA  FOLLOWING  THE  FIRST 
ORBITAL  TEST  FLIGHT  OF  THE  SHUTTLE  AND  SUBSEQUENTLY  ACCEPTED 
A  POSITION  WITH  MY  CURRENT  COMPANY. 

I  HAVE  CAREFULLY  REVIEWED  THE  MAIN  BODY  OF  THE  COMMISSION 
REPORT  AND  HAVE  THE  FOLLOWING  OBSERVATIONS: 

1.    WITH  REGARD  TO  THE  PHYSICAL  CAUSE  OF  THE  ACCIDENT. 
THE  EVIDENCE  POINTING  TO  THE  JOINT  FAILURE  APPEARS  TO  BE  CLEAR 
AND  STRAIGHTFORWARD.  THE  POST  ACCIDENT  ANALYSIS  AND  TEST  OF 
THE  JOINT  HAVE  CLEARLY  POINTED  OUT  SOME  WEAKNESSES  IN  THIS 
DESIGN.  APPARENTLY.  AFTER  2^  SUCCESSFUL  LAUNCHES  A  COMBINATION 
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OF  CONDITIONS  DURING  THE  51-L  LAUNCH  FINALLY  ADDED  UP  TO 
A  DISASTROUS  FAILURE.     I  DON'T  FEEL  THAT  I  CAN  ADD  ANY 
USEFUL  OBSERVATIONS  TO  THE  BASIC  CAUSE  OF  THE  ACCIDENT. 

2.  IN  YOUR  LETTER  OF  INVITATION  YOU  ASKED  ESPECIALLY 

FOR  MY  COWENTS  AND  ASSESSMENTS  PERTAINING  TO  THE  DECISION 
MAKING  PROCESS  AND  THE  ROLE  OF  THE  PROGRAM  MANAGER. 

I  WOULD  FIRST  LIKE  TO  MAKE  AN  OBSERVATION  ON  THE 
DECISION  MAKING  PROCESS.     EVIDENCE  IN  RETROSPECT  POINTS  TO  A 
LONG  PERIOD  OF  TIME  ESPECIALLY  BASED  ON  POST  FLIGHT 
INSPECTIONS  WHEN  THE  JOINT  DESIGN  WEAKNESS  WAS  "SENDING 
A  MESSAGE"  AND  THE  TRUE  POTENTIAL  OF  THIS  MESSAGE  WAS  NOT 
PERCEIVED  AND  REACTED  TO.     THIS.  COMBINED  WITH  PRE-LAUNCH 
DISCUSSIONS  BETWEEN  MARSHALL  AND  THIOKOL  POINTS  OUT  THE 
NEED  FOR  A  "THEME"  THAT  MUST  PERVADE  THE  SHUTTLE  MANAGEMENT 
TEAM  IN  THE  FUTURE.     A  VERY  STRONG  "RISK  MANAGEMENT" 
ORGANIZATION  MUST  BE  KEPT  IN  PLACE  AND  A  CONTINUING  SEARCH  FOR 
POTENTIAL  FAILURES  MUST  BE  MAINTAINED.     UNFORTUNATELY.  THIS  IS 
EASIER  SAID  THAN  DONE  AND  THE  DECISION  "TO  FLY"  WILL  ALWAYS 
CONTAIN  SOME  RISK.     WE  MUST  HOWEVER  REGAIN  OUR  ABILITY  TO 
USE  THE  SHUTTLE  EFFECTIVELY. 
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Mr.  Roe.  I  thank  the  gentleman  for  his  testimony.  Suppose  we 
hear  next  from  Mr.  Lunney. 

Mr.  Lunney.  Mr.  Chairman,  members  of  the  committee,  my 
name  is  Glynn  Lunney.  I  am  pleased  to  have  this  opportunity  to 
discuss  with  you  the  necessary  activities  to  enhance  the  return  of 
the  Space  Transportation  System  as  a  vital  part  of  our  Nation's 
space  program,  and  I  sincerely  appreciate  the  committee's  commit- 
ment to  that  objective. 

Although  I  am  now  in  industry  and  not  with  NASA  since  May 
1985,  I  did  have  the  pleasure  to  serve  as  the  NSTS  Program  Man- 
ager from  May  1981  to  May  1985.  Before  that  time,  I  served  in  vari- 
ous assignments  within  the  NASA  at  the  Johnson  Space  Center 
and  Washington  Headquarters  from  the  beginning  of  our  country's 
manned  space  program.  This  service  began  with  the  Mercury  Pro- 
gram and  continued  through  all  the  other  manned  space  programs. 
My  comments  today  are  based  on  that  background  as  a  NASA  em- 
ployee. 

Your  review,  and  that  of  so  many  others,  is  a  necessary  and  valu- 
able part  of  understanding  the  51-L  tragic  accident  and  taking  the 
steps  to  improve  the  technical  and  management  practices  as 
deemed  to  be  required.  It  is  my  belief  that  this  tragedy  must  serve 
to  rededicate  everyone  to  the  task  of  making  our  country's  space 
program  even  stronger  than  it  was  before. 

Our  national  experience  with  the  Apollo  fire,  for  example,  teach- 
es us  that,  indeed,  a  stronger,  healthier  future  can  be  achieved  by 
properly  addressing  tragedy,  and  the  lessons  it  should  teach  us. 

The  Rogers  Commission  Report  is  very  comprehensive  and  de- 
tailed, recommending  a  number  of  reviews  of  design  features  and 
STS  capabilities.  These  design  areas,  such  as  the  SRB,  the  Critical 
Item  List,  landing  and  escape  designs,  flight  rate  and  maintenance 
safeguards  are  all  being  assessed  by  NASA. 

You  have  asked  for  comments  from  me  on  those  recommenda- 
tions especially  pertaining  to  the  decisionmaking  and  role  of  the 
program  manager.  In  addition,  I  will  offer  you  some  general 
thoughts  which  may  be  helpful  in  your  guidance  of  the  recovery 
process. 

Recommendation  II  has  to  do  with  the  shuttle  program  manage- 
ment structure.  Three  aspects  of  this  recommendation  have  to  do 
with:  redefinition  of  the  role  of  the  shuttle  program  manager;  the 
use  of  astronauts  in  management  positions;  and  the  establishment 
of  a  shuttle  safety  panel. 

NASA  has  already  taken  vigorous  steps  to  address  these  issues. 
Two  committees  have  already  been  formed  to  do  so.  The  first,  led 
by  General  Sam  Phillips,  who  directed  the  Apollo  Program,  will  be 
reporting  to  Dr.  Fletcher  later  in  the  year.  Astronaut  Robert  Crip- 
pen  is  leading  a  second  team  to  add  even  more  attention  to  these 
subjects. 

As  a  matter  of  fact,  I  had  a  chance  to  visit  with  Bob  Crippen's 
committee  last  week.  I  will  return  to  that  subject  later,  and  for 
now  note  that  NASA  is  already  increasing  the  use  of  astronauts 
and  their  experience  in  key  positions  and  I  expect  that  to  continue. 

In  the  past,  through  most  of  the  development  years  of  the  pro- 
gram and  during  the  years  of  STS  flights,  an  astronaut  was  con- 
stantly assigned  to  the  shuttle  program  office  and  contributed  sig- 
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nificantly.  On  the  third  item,  NASA  plans  to  establish  a  shuttle 
safety  panel  in  the  very  near  future,  which  is  very  helpful  to  the 
Commission. 

Another  recommendation  is  very  related  to  the  role  of  the  pro- 
gram manager.  Recommendation  V  deals  with  the  improvement  of 
communications  in  general  and  several  specific  items  including:  im- 
prove communications  by  MSFC  managers;  develop  a  policy  for 
treatment  of  launch  constraints;  record  flight  readiness  reviews 
and  mission  management  team  meetings;  and  assure  representa- 
tion of  the  flight  crew  in  critical  events,  such  as  flight  readiness 
review. 

Again,  NASA  is  already  well  into  the  activities  necessary  to  ad- 
dress these  items.  I  believe  it  is  also  entirely  appropriate  to  empha- 
size communications  at  all  levels  and  in  all  organizations,  including 
Marshall,  as  the  current  NASA  effort  is  designed  to  do. 

I  expect  that  more  specific  procedures  for  launch  constraints  and 
increased  discipline  and  visibility  will  be  forthcoming.  There  are  al- 
ready substantial  records  of  the  key  meetings  designated  by  the 
Commission,  thus  the  preparation  and  maintenance  of  increased 
recording  and/or  documentation  should  be  easy  to  do.  Of  course,  it 
can  and  should  be  improved. 

In  the  past,  representatives  of  the  flight  crew  always  did  partici- 
pate in  the  flight  readiness  reviev/,  and  there  may  be  ways  to 
strengthen  this  representation  in  the  future. 

In  a  more  general  vein,  let  me  return  to  the  objective  of  making 
our  country's  space  program  even  stronger  than  it  was  before. 
Making  the  decisions  and  choices  to  accomplish  that  goal  should 
lead  to  an  assessment  of  the  first  order  objectives  of  the  NASA/ 
STS  Program. 

One  approach  to  this  discussion  of  the  first  order  objectives  is  to 
exam.ine  the  emphasis  on  certain  key  aspects  of  the  current 
system.  For  example,  the  premise  that  the  STS  should  attempt  to 
satisfy  all  technical  and  programmatic  requirements  and  other 
purposes. 

As  a  modification,  I  believe  there  is  an  appropriate  role  for  other 
launch  vehicles.  This  capability,  that  is,  other  launch  vehicles, 
would  also  help  in  arriving  at  a  proper  flight  rate  expectation  for 
the  STS.  Another  example  is  the  emphasis  on  operational.  This  is, 
of  course,  a  matter  of  degree  or  emphasis. 

However,  the  STS  must  be  viewed  as  a  complex  flight  system.  It 
will  never  have  the  flight  experience  of  an  aircraft,  with  which  it  is 
often  compared.  An  undue  emphasis  on  operational,  all  by  itself, 
can  lead  to  choices  driven  more  by  perceived  efficiencies,  perhaps, 
than  prudent  risk  management.  Properly  managed,  these  modifica- 
tions in  emphasis  still  allow,  and  will  enhance,  a  robust  future  for 
our  entire  national  space  program  and  manned  space  activities  in 
particular. 

On  the  subject  of  program  management,  I  believe  that  there  are 
some  changes  and  procedures  which  can  strengthen  the  role  of  the 
program  manager.  Additionally,  I  believe  it  is  necessary  to  insist 
on  the  system  of  checks  and  balances  which  the  centers  and  the 
contractor  teams  provide. 

The  most  likely  lesson  and  resultant  emphasis  should  be  on  effi- 
ciencies and  consolidations  in  the  program  management  process 
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and  constructive  use  of  the  check  and  balance  system  by  all  levels. 
The  entire  process  should  be  aimed  at  risk  management  and  com- 
munications which  are  not  allowed  to  bypass  the  necessary  levels 
in  terms  of  either  information  or  decisionmaking. 

In  closing,  I  would  like  to  emphasize  that  the  men  and  women  of 
the  space  program  and  the  work  they  do,  are  a  great  source  of 
pride  and  inspiration  to  our  country  and  the  rest  of  the  world. 
They  will  persevere.  Your  effort  to  find  ways  to  help  and  sustain 
them  in  this  most  difficult  time  are  a  great  service  to  the  country. 

I  would  like  to  thank  you  for  the  opportunity  to  be  here. 

[The  prepared  statement  of  Mr.  Lunney  follows:] 
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Mr.  Chainnan  and  Members  of  th«  Cominittee.   My  name  is 
Glynn  S.  Lunney.   I  aro  pleased  to  have  this  opportunity 
to  discuss  with  you  the  necessary  activities  to  enhance 
the  return  of  the  STS  as  a  vital  part  of  our  nation's 
space  program,  and  I  sincerely  appreciate  the  coacnittee's 
coinmitment  to  that  objective.   Although  I  an  now  in  industry 
and  not  with  KASA  since  Kay  of  1985,  I  did  have  the  pleasure 
to  serve  as  the  NSTS  Program  Manager  from  May  of  1981  to 
May  of  1985.   Before  that  time,  I  served  in  various  assign- 
ments within  the  KASA  at  JSC  and  Washington  Headquarters 
from  the  beginning  of  our  country's  manned  space  program. 
This  service  began  with  the  Mercury  Program  and  continued 
through  all  the  other  manned  space  programs.   My  comments 
today  are  based  on  that  background  as  a  NASA  employee. 

Your  review,  and  that  of  so  many  others,  is  a  necessary 
and  valuable  part  of  understanding  the  51-L  tragic  accident 
and  taking  the  steps  to  improve  the  technical  and  management 
practices  as  deemed  to  be  required.   It  is  my  belief 
that  this  tragedy  must  serve  to  rededicate  everyone 
to  the  task  of  making  our  country's  space  program  even 
stronger  than  it  was  before. 

Our  national  experience  with  the  Apollo  fire  teaches 
us  that,   indeed,  a  stronger,  healthier  future  can  be 
achieved  by  properly  addressing  tragedy. 
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The  Rogers  Coianiiision  Report  it  very  comprfthcnsive  and 
detailed,  recommending  a  number  of  reviews  of  design 
features  and  STS  capabilities.   These  design  areas, 
such  as  the  SRB,  the  Critical  Item  List,  landing  and 
escape  designs,  flight  rate  and  maintenance  safeguards 
are  all  being  assessed  by  NASA.   You  have  asked  for 
comnents  on  those  recoiranendations  especially  pertaining 
to  the  decision  maXing  and  role  of  the  Program  Manager. 
In  addition,  I  will  offer  you  some  general  thoughts 
which  may  be  helpful  in  your  guidance  of  the  recovery 
process  . 

Recommendation  12  has  to  do  wirh  the  Shuttle  Program 
management  structure.   The  t.^ree  aspects  of  this  recommenda- 
tion have  to  do  with; 

Redefinition  cf  the  role  of  the  Shuttle  Program 

Manager 

The  use  of  astronauts  in  management  positions 

The  establishment  of  a  Shuttle  Safety  Panel. 
NASA  has  already  taken  vigorous  steps  to  address  these 
issues.   Two  committees  have  already  been  formed  to 
do  so.   The  first,  led  by  General  Sam  Phillips,  who 
directed  the  Apollo  Program,  will  report  to  Dr.  Fletcher 
later  in  the  year.   Astronaut  Robert  Crippen  is  leading 
a  second  team  to  add  even  more  attention  to  these  subjects. 
1  will  return  to  the  Program  Management  subject  later; 
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and,  for  now,  note  that  NASA  is  already  increasing  the 
use  of  astronauts  and  their  experience  in  key  positions 
and  I  expect  that  to  continue.   In  the  past,  through 
most  of  the  development  years  and  during  the  years  of 
STS  flights,  an  astronaut  was  constantly  assigned  to 
the  Shuttle  Program  Office  and  contributed  significantly. 
On  the  third  item,  NASA  plans  to  establish  a  Shuttle 
Safety  Panel  in  the  very  near  future. 

Another  recommendation  is  very  related  to  the  role  of 
the  Program  Manager.   Recommendation  #5  deals  with  the 
improvement  of  communications  in  general  and  several 
specific  items  including: 

Improve  communications  by  MSFC  managers 

DeveloD  a  policy  for  treatment  of  launch 

constraints 

Record  flight  readiness  reviews  and  mission 

management  team  meetings 

Assure  representation  of  the  flight  crew  in 

critical  events. 
Again,  NASA  is  already  well  into  the  activities  necessary 
to  address  these  items.   I  believe  it  is  also  entirely 
appropriate  to  emphasize  communications  at  all  levels 
and  in  all  organizations,  including  MSFC,  as  the  current 
NASA  effort  is  designed  to  do .   I  expect  that  more  specific 
procedures  for  launch  constraints  and  increased  discipline 
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and  visibility  will  be  forthcoming.   There  are  already 
substantial  records  of  the  key  meetings  designated  by 
the  Commission,  thus  the  preparation  and  maintenance 
of  increased  recording  and/or  documentation  should  be 
easy  to  do.   Of  course,  it  can  and  should  be  improved. 
Representatives  of  the  flight  crew  always  did  participate 
in  the  Flight  Readiness  Review,  and  there  may  be  ways 
to  strengthen  this  representation  in  the  future. 

In  a  more  general  vein,  let  me  return  to  the  objective 
of  making  our  country's  space  program  even  stronger 
than  it  was  before.   Making  the  decisions  and  choices 
to  accomplish  that  goal  should  lead  to  an  assessment 
of  the  first  order  objectives  of  the  NASA/STS  Program. 
One  approach  to  this  discussion  of  first  order  objectives 
is  to  examine  the  emphasis  on  certain  key  aspects  of 
the  system.   For  example,  the  premise  that  the  STS  should 
attempt  to  satisfy  all  technical  and  programmatic  require- 
ments and  purposes  should  be  addressed.   As  a  modification, 
I  believe  there  is  an  appropriate  role  for  other  launch 
vehicles.   This  would  also  help  in  arriving  at  a  proper 
flight  rate  expectation  for  the  STS.   Another  example 
is  the  emphasis  on  "operational".   This  is,  of  course, 
a  matter  of  degree  or  emphasis.   However,  the  STS  must 
be  viewed  as  a  complex  flight  system.   It  will  never 
have  the  flight  experience  of  an  aircraft,  with  which 
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it  is  often  compared.   An  undue  emphasis  on  "operational" 
can  lead  to  choices  driven  more  by  perceived  efficiencies 
than  prudent  risk  management.   Properly  managed,  these 
modifications  in  emphasis  still  allow,  and  will  enhance, 
a  robust  future  for  our  entire  national  space  program 
and  manned  space  activities  in  particular. 

On  the  subject  of  program  management,  I  believe  that 
there  are  changes  and  procedures  which  can  strengthen 
the  role  of  the  program  manager.   Additionally,  I  believe 
it  is  necessary  to  insist  on  the  system  of  checks  and 
balances  which  the  centers  and  contractor  teauns  provide. 
The  most  likely  lesson  and  resultant  emphasis  should 
be  on  efficiencies  in  the  program  management  process 
and  constructive  use  of  the  check  and  balance  system 
by  all  levels.   The  entire  process  should  be  aimed  at 
risk  management  and  communications  which  are  not  allowed 
to  bypass  the  necessary  levels. 

In  closing,  I  would  like  to  emphasize  that  the  men  and 
women  of  the  space  program  are  a  great  source  of  pride 
eind  inspiration  to  our  country  and  the  rest  of  the  world. 
They  will  persevere.   Your  effort  to  find  ways  to  help 
and  sustain  them  in  this  most  difficult  time  are  a  great 
service  to  the  country. 
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Mr.  Roe.  Thank  the  gentleman  for  his  testimony. 

The  Chair  now  recognizes  Mr.  Aldrich. 

Mr.  Aldrich.  Mr.  Chairman,  distinguished  members  of  the  com- 
mittee, thank  you  for  the  invitation  to  testify  before  this  committee 
regarding  the  National  Space  Transportation  System  response  to 
the  findings  and  recommendations  contained  in  the  report  of  the 
Presidential  Commission  on  the  Space  Shuttle  Challenger  Accident. 

As  Dr.  Fletcher  and  Admiral  Truly  have  previously  stated, 
NASA  fully  agrees  with  the  Commission's  recommendations  and  is 
vigorously  pursuing  all  actions  required  to  implement  and  comply 
with  them.  I  personally  found  the  Commission's  report  to  be  an 
outstanding  effort  in  terms  of  its  clear  and  thorough  treatment  of 
all  aspects  of  this  tragedy. 

Recommendation  II  of  the  Commission  report  deals  with  shuttle 
management  structure  and  recommendation  V  addresses  improved 
communications.  Admiral  Truly  has  assigned  responsibility  for 
these  two  important  areas  to  Capt.  Robert  Crippen  and  Captain 
Crippen  has  formed  a  review  team  with  representation  from  appro- 
priate NASA  centers  and  NSTS  Program  elements.  Their  review  is 
well  underway  leading  toward  a  report  to  Admiral  Truly  in  the 
August  timeframe.  To  assure  full  internal  program  continuity,  my 
Deputy  in  the  NSTS  Office  at  JSC,  Mr.  Richard  Kohrs,  has  been 
assigned  full  time  to  this  effort. 

While  it  would  be  premature  for  me  to  speculate  on  the  findings 
and  recommendations  of  Captain  Crippen  and  his  review  team,  I 
believe  they  should  and  will  deliberate  on  a  number  of  specific 
areas  of  program  activity.  Most  important  will  be  recommendations 
to  strengthen,  the  interfaces  between  the  various  management 
levels  of  the  program  in  terms  of  fully  defining  the  structure,  au- 
thority, and  responsibilities  of  each  level  and  the  lines  of  communi- 
cation between  them. 

In  this  regard,  the  involvement  of  astronauts  in  space  shuttle 
management  will  be  thoroughly  considered.  Also,  the  NSTS  budget 
structure  will  be  assessed  to  assure  an  effective  balance  of  budget- 
ary authority  for  the  NSTS  Program  through  both  NASA  center 
and  program  channels. 

Third,  the  process  for  recording,  analyzing,  reporting  and  closing 
hardware  and  software  anomalies  within  the  NSTS  Program  must 
be  reviewed  for  strengthening  and  reemphasis. 

In  another  area.  Captain  Crippen's  review  will  be  addressing  all 
aspects  of  the  NASA  flight  readiness  review  [FRRJ  process.  Again, 
while  I  cannot  prejudge  what  will  be  recommended  in  this  regard, 
a  number  of  key  aspects  of  the  process  need  to  be  considered. 

These  include  redefinition  of  formal  organizational  representa- 
tion at  FRR,  launch  minus  1-day  (L-1),  and  mission  management 
team  meetings,  formal  record  keeping  and/or  recording  of  these 
meetings,  and  the  role  of  the  space  shuttle  prime  contractors  in 
these  reviews. 

Also,  specific  technical  content  and  reporting  requirements  for 
these  meetings  need  to  be  formalized  and  the  subject  of  face-to-face 
reviews  versus  telecons  or  videcons  must  be  thoroughly  considered. 

With  regard  to  other  recommendations  of  the  Presidential  Com- 
mission, recommendation  IV  addresses  the  NASA  Safety  Organiza- 
tion and  Dr.  Fletcher  has  taken  strong  action  in  this  regard  in  ap- 
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pointing  Mr.   George  A.   Rodney  as  Associate  Administrator  for 
Safety,  Reliability,  and  Quality  Assurance. 

Within  the  NSTS  program  itself  I  am  working  with  the  Director 
of  Safety,  Reliability,  and  Quality  Assurance  at  the  Johnson  Space 
Center  to  augment  and  strengthen  SR&QA  support  of  and  partici- 
pation in  all  NSTS  program  activities.  These  efforts  will  be  closely 
coordinated  with  Mr.  Rodney  to  assure  that  they  are  consistent 
with  overall  plans  and  direction  for  NASA-wide  SR&QA  structure. 

Recommendation  I,  solid  rocket  motor  design,  III,  critical  item 
review  and  hazard  analysis,  VI,  landing  safety,  VII,  launch  abort 
and  crew  escape,  VIII,  flight  rate,  and  IX,  maintenance  safeguards 
were  all  assigned  directly  to  myself  as  the  NSTS  Manager  by  Ad- 
miral Truly. 

As  a  result  of  NASA's  close  coordination  and  support  of  the 
Rogers  Commission,  many  of  the  important  actions  relating  to 
these  recommendations  were  well  underway  prior  to  the  comple- 
tion of  the  Commission's  report  in  response  to  Admiral  Truly's 
letter  March  24,  1986,  which  directed  his  strategy  for  safely  return- 
ing the  space  shuttle  to  flight  status.  Admiral  Truly  and  I  provided 
a  detailed  report  on  these  actions  to  this  committee  on  May  15, 
1986,  and  I  would  be  most  pleased  to  provide  any  additional  infor- 
mation or  updating  that  the  committee  might  desire. 

Mr.  Chairman,  this  concludes  my  prepared  testimony.  I  appreci- 
ate this  opportunity  to  appear  before  you  today  and  would  be 
pleased  to  answer  any  questions  you  may  have. 

[The  prepared  statement  of  Mr.  Aldrich  follows:] 
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Mr.  Chairman  and  Distinguished  Members  of  the  Committee: 

Thank  you  for  your  invitation  to  testify  before  this  Committee  regarding 
National  Space  Transportation  System  (NSTS)  response  to  the  findings  and 
recommendations  contained  in  the  Report  of  the  Presidential  Commission  on  the 
Space  Shuttle  Challenger  Accident.  As  Dr.  Fletcher  and  Admiral  Truly  have 
previously  stated,  NASA  fully  agrees  with  the  Commission's  recommendations  and 
is  vigorously  pursuing  all  actions  required  to  implement  and  comply  with 
them.  I  personally  found  the  Commission's  report  to  be  an  outstanding  effort 
in  terms  of  its  clear  and  thorough  treatment  of  all  aspects  of  this  tragedy. 

Recommendation  II  of  the  Commission  Report  deals  with  Sfciuttle  .ManaQement 
..structure  and  Recommendation  V  addresses  iniprgypd  Communications.  Admiral 
Truly  has  assigned  responsibility  for  these  two  important  areas  to  Captain 
Robert  Crippen  and  Captain  Crippen  has  formed  a  review  team  with 
representation  from  appropriate  NASA  centers  and  NSTS  program  elements.  Their 
review  is  well  underway  leading  toward  a  report  to  Admiral  Truly  in  the  August 
timeframe.  To  assure  full  internal  program  continuity,  my  Deputy  in  the  NSTS 
Office  at  JSC,  Mr.  Richard  Kohrs,  has  been  assigned  full-time  to  this  effort. 

While  it  would  be  premature  for  me  to  speculate  on  the  findings  and 
recommendations  of  Captain  Crippen  and  his  review  team,  I  believe  they  should 
and  will  deliberate  on  a  number  of  specific  areas  of  program  activity  .  Most 
important  will  be  recommendations  to  strengili£n_the  interfaces  between  the 
various  management  levels  of  the  program  in  terms  of  fully  defining  the 
structure,  authority,  and  responsibilities  of  each  level  and  the  lines  of 
communication  between  them.  In  this  regard,  the  involvement  of  Astronauts  in 
Space  Shuttle  management  will  be  thoroughly  considered.  Also,  the  NSTS  budget 
structure  will  be  assessed  to  assure  an  effective  balance  of  budgetary 
authority  for  the  NSTS  program  through  both  NASA  center  and  program 
channels.  Thirdly,  the  process  for  recording,  analyzing,  reporting,  and 
closing  hardware  and  software  anomalies  within  the  NSTS  program  must  be 
reviewed  for  strengthening  and  re-emphasis. 
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In  another  area.  Captain  Crippen's  review  will  be  addressing  all  aspects  of 
the  NASA  Flight  Readiness  Review  (FRR)  process.  Again,  while  I  cannot 
prejudge  what  will  be  recommended  in  this  regard  a  number  of  key  aspects  of 
the  process  need  to  be  considered.  These  include  rprjpfinif inn  nf  formal 
orqani^.'ttlonal  r.epresentation  at  FRR.  LajjnchMi nus^^ne^day  (L-1),  and  Mission 
Management  Team  (MMT)  meetings,  formal  record  Iceeping  or  reQordinq  of  these 
meetings,  and"  the  role  oT  the  Space  Shuttle  pTTTiie  contractors  in  these 
reviews.  Also,  specific  technical  content  and  reporting  requirements  for 
these  meetings  need  to  be  formalized  and  the  subject  of  face-to-face  reviews 
versus  telecons  or  videcons  must  be  thoroughly  considered. 

With  regard  to  other  recommendations  of  the  Presidential  Commission, 
Recommendation  IV  addresses  the  NASA_Saf£iy  Organization  and  Dr.  Fletcher  has 
taken  strong  action  in  this  regard  in  appointing  Mr.  George  A.  Rodney  as 
Associate  Administrator  for  Safety,  Reliability,  and  Quality  Assurance. 
Within  tht— N5TS  program  itself  I  am  working  with  the  Director  of  Safety, 
Reliability,  and  Quality  Assurance  (SR&QA)  at  the  Johnson  Space  Center  to 
augment  and  strengthen  SR&QA  support  of  and  participation  in  all  NSTS  program 
activities.  These  efforts  will  be  closely  coordinated  with  Mr.  Rodney  to 
assure  that  they  are  consistent  with  overall  plans  and  direction  for  NASA-wide 
SR&QA  structure. 

Recommendations  I  -  Solid  Rocket  Motor  Design,  III  -  Critical  Item  Review  and 
Hazard  Analysis.  VI  -  Land  I  fly  SarjTyl  'VII  -  Launch  Abort  and  Crew  Escape, 
VIII  -  Flight  Rale,  and  IX  -  Maintenance  Safeguards  were  all  assigned  directly 
to  myself  as  the  NSTS  Manager  by  Admiral  Truly.  As  a  result  of  NASA's  close 
coordination  and  support  of  the  Roger's  Commission  many  of  the  important 
actions  relating  to  these  recommendations  were  well  underway  prior  to  the 
completion  of  the  Commission's  Report  Tn-respuri!j?'^To" Admiral  Truly's  letter  of 
March  24,  1936,  which  directed  his  strategy  for  sa-teJy  returning  the  Space 
Shuttle  to  flight  status.  AdmiraT.,TruIX-and  I  pjwided_^a  detailed  report  on 
these 'actions  tQ  this  Committee  on  May  1 5 ,"~1986 ,~~and'  1  wou  1  d'tSB  most  pleased 
to  provide  any  additional  information  or  updating  that  the  Committee  might 
desire. 

Mr.  Chairman,  this  concludes  my  prepared  testimony.  I  appreciate  this 
opportunity  to  appear  before  you  today  and  would  be  pleased  to  answer  any 
questions  you  may  have. 
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Mr.  Roe.  I  thank  the  gentleman  for  his  testimony. 
Let's  go  back  to  Mr.  Thompson.  You,  in  your  formal  presentation 
on  page  2,  you  spoke  to  the  issue  of  a  very  strong  risk  manage- 
ment. I  know  you  would  be  disappointed  if  I  didn't  come  back  and 
ask  you  because  I  want  to  know  what  you  are  thinking  about  on 
risk  management. 

Mr.  Thompson.  Let  me  try  to  put  a  little  meat  on  that  bone.  I 
think,  No.  1,  in  recognizing  the  type  of  system  we  must  continue  to 
live  with  here,  any  system  that  will  lift  you  from  the  surface  of  the 
Earth  and  take  you  into  orbital  velocities  has  to  have  a  certain 
amount  of  inherent  risk  in  it,  and  a  certain  amount  of  inherent 
risk  will  always  remain  in  a  system  of  that  nature.  Just  because  it 
has  flown  well  one  time  doesn't  necessarily  mean  it  is  going  to  fly 
well  the  second  time. 

Sometimes  these  problems  are  very  subtle.  Problerns  don't  just 
stand  up  and  say,  "I  am  a  problem,  come  and  fix  me."  Sometimes 
they  stand  up  and  shout  louder  than  other  times.  Frankly,  this 
time  I  think  it  was  standing  up  and  shouting  pretty  loudly. 

The  next  one  might  not  shout  this  loudly,  so  I  think  we  have  to 
look  pretty  deep  in  our  organization  to  make  sure  we  are  keeping 
enough  technical  muscle  in  the  organization  to  continually  search 
for  these  pending  problems  that  are  sometimes  pretty  subtle.  Some- 
times they  just  don't,  as  I  say,  announce  themselves.  So,  you  have 
to  be  willing  to  expend  the  resources  and  keep  that  technical 
muscle  in  place,  and  you  have  to  put  that  technical  muscle  close  to 
the  heart  of  the  issue  so  that  they  can  perceive  a  problem  if  it  is 
beginning  to  occur. 

Just  because  you  hold  a  flight  readiness  review  doesn't  necessari- 
ly mean  you  have  got  that  technical  muscle  in  place.  Those  things 
aren't  necessarily  just  connected. 

Second,  you  have  to  have  a  set  of  administrative  procedures  so 
that  if  there  is  a  subtle  problem  developing,  that  that  anomaly  gets 
properly  identified,  gets  properly  collected  along  with  the  next 
piece  of  data  that  might  occur  on  the  next  flight  or  the  next  flight, 
and  you  have  someone  looking  at  that  building  case  that  is  there; 
that  series  of  events  that  adds  up  to  a  decision. 

Then  you  have  to  have  an  attitude  in  the  organization,  and  I 
think  the  attitude  I  would  characterize  somewhat  crudely.  I  have 
been  in  this  business  a  long  time.  You  will  hear  people  say  if  it 
ain't  broke,  don't  fix  it.  To  me,  with  a  system  of  this  nature,  that  is 
a  dumb  statement. 

The  right  statement,  if  it  is  about  to  break,  you  had  better  fix  it. 
The  second  one  is  a  much  tougher  one  to  do  than  the  first  one.  So  I 
think  it  is  going  to  be  very  important  for  us  to  keep  in  place  an 
organization  with  these  kinds  of  capabilities,  and  obviously  you 
have  to  have  good  communications,  have  to  have  good  people.  You 
have  to  have  them  in  an  organization  where  they  will  talk  to  each 

other.  . 

I  would  just  like  to  challenge  us  to  find  the  next  one  and  fix  it 
before  it  occurs.  That  is  an  interesting  challenge  for  us  today. 
Where  is  the  next  one?  That  is  what  I  mean  by  risk  management 
organization,  one  that  can  keep  the  probability,  the  next  one,  from 
occurring,  to  the  point  that  you  can  afford  to  take  the  safety  risk. 
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And  safety  should  be  No.  1.  But  you  still  have  to  make  a  judgment 
to  go  fly. 

Safety  isn't  the  only  priority  in  a  program  like  this.  You  have  to 
do  something  useful  with  the  system,  as  well.  So,  it  is  that  bal- 
anced decision  that  is  hard  to  come  to.  I  think  you  have  to  keep  an 
organization  in  place  that  understands  that  risk  management  and 
makes  it  work. 

Mr.  Roe.  Let  me  ask  this  question.  Some  of  the  people  have  been 
making  a  point  of  view  of  the  length  of  time  that  people  stay  with 
NASA.  I  guess  from  a  point  of  view  that  you  have  such  a  vast  orga- 
nization now  and  it  is  so  complex  and  so  forth,  that  you  require 
some  really  specialized  people;  and,  of  course,  as  General  Abraham- 
son  pointed  out  this  morning,  it  is  a  combination  of  background, 
training,  expertise,  experience,  particularly. 

If  you  start  to  look  at  some  of  the  change  of  personnel  in  NASA 
at  present,  and  you  start  to  look  at  some  of  the  middle  level  people 
starting  to  look  for  other  jobs  and  moving  out,  the  uncertainty  of 
exactly  what  is  going  to  happen  and  probably  the  point  of  laying 
people  off  so  you  can  get  reorganized,  and  the  whole  bit,  what  do 
you  see? 

Do  you  seem  to  think  there  ought  to  be  some  kind  of  mandatory 
contract  where  people,  when  they  become  involved  with  NASA, 
they  stay  longer?  What  do  you  think  about  that? 

Mr.  Thompson.  I  guess  I  haven't  thought  through  enough  a  man- 
datory contract.  I  would  have  to  think  about  that  a  little  bit. 

I  do  think,  however,  that  most  of  the  people  who  work  for  NASA 
stay  for  relatively  long  tenures.  I  think  if  you  go  back  and  look, 
NASA  people  in  general  stay  a  reasonably  long  period  of  time. 

So,  I  am  not  so  sure  the  period  of  time  in  itself  is  a  necessary 
problem,  although  it  might  be.  I  would  have  to  look  at  the  data. 

I  think  there  are  some  things  that  can  be  done,  though.  I  think 
in  some  respects  NASA  is  a  relatively  new  agency  in  periods  of 
time,  and  I  am  not  so  sure  that  we  pay  as  much  attention  or  that 
NASA  pays  as  much  attention  as  they  should  to  making  sure  indi- 
viduals, when  they  are  put  in  certain  jobs,  fully  understand  the 
scope  and  responsibility  of  that  job.  I  am  not  sure  the  jobs  are  char- 
tered well  enough.  I  am  not  sure  the  reporting  channels  are  laid 
down  perhaps  as  clearly  as  they  ought  to  be. 

I  think  when  people  are  selected  for  the  job,  there  needs  to  be  a 
careful  attention  paid  to  that  selection  and  make  sure  if  the  indi- 
vidual is  being  put  in  a  key  program  job,  that  he  understands  his 
responsibility  along  the  program  channel  as  well  as  his  responsibil- 
ities along  the  institutional  channels.  And  I  think  the  matter  of 
being  sure  you  have  the  proper  people  selected  and  that  those 
people  are  properly  indoctrinated  and  trained  for  their  position 
and  they  clearly  understand  the  responsibility  and  reporting  chan- 
nels of  their  positions,  I  think  those  are  all  areas  for  improvement. 

I  think  someone  mentioned  NASA  says  there  are  areas  of  im- 
provement in  that  area. 

Mr.  Roe.  Mr.  Lunney,  do  you  want  to  give  your  views  of  that, 
and  then  I  will  go  to  Mr.  Aldrich. 

Mr.  Lunney.  I  had  not  thought  much  about  a  contract  of  any 
sort.  However,  I  would  observe,  as  Bob  did,  Mr.  Thompson  did,  that 


270 

most  people  at  NASA  stay  a  good  long  time,  as  Bob  did,  I  did,  and 
others  are  doing  today. 

I  would,  though,  say  that  there  is  a  thought  there  that  I  would 
relate  to,  and  that  is  that  it  is  the  people  who  are  in  it  that  make 
NASA  what  it  is.  It  is  not  only  the  people  in  NASA;  it  is  the  set  of 
people  they  have  related  to  and  working  within  the  industry  over 
the  years,  decades  even. 

New  industrial  concerns  are  becoming  involved  in  the  space  busi- 
ness, but  the  string  of  continuity  of  experience  that  people  have  in 
the  programs  is  really  of  value  when  you  move  into  new  programs 
or  new  situations.  And  the  communications  that  you  have  when 
men  and  women  have  worked  together  for  years  and  years  is  a 
very  important  commodity  that  we  ought  to  do  all  we  can  to  main- 
tain. 

I  believe  then  that  in  a  general  way  we  ought  to  do  everything 
that  we  can  as  a  country,  and  in  any  other  way  that  we  can,  to 
support  the  people  who  do  this  kind  of  work,  because  it  is  relative- 
ly difficult.  They  put  a  lot  on  the  line  every  day,  and  they  deserve 
as  much  support  and  as  much  clear  direction,  as  much  leadership, 
as  they  can  possibly  get  in  order  to  maintain  their  own  sense  of 
comfort — they  know  where  they  are;  they  know  what  their  job  is, 
et  cetera. 

They  will  come  to  work  and  give  you  125  percent  every  day  if  we, 
in  the  country,  will  just  keep  the  leadership  clearly  in  front  of 
them,  that  they  need,  to  knov/  where  they  are  going. 

Mr.  Roe.  Mr.  Aldrich. 

Mr.  Aldrich.  Well,  I  would  have  to  say  that  I  also  had  not  seri- 
ously thought  about  the  subject  of  mandatory  agreement  with  an 
employee  and  the  agency.  I  agree  with  these  gentlemen  that  many 
good  people  tend  to  stay  with  NASA  a  long  time.  The  three  of  us 
sitting  before  you  all  have  worked  on  it  since  the  early  days  of  the 
Mercury  Program. 

As  you  know,  all  of  the  employees  of  NASA  itself  are  civil  serv- 
ants and  are  subject  to  all  of  the  civil  service  personnel  require- 
ments and  procedures  and  structure.  And  I  believe  Dr.  Fletcher  is, 
in  fact,  exploring  with  the  Government  the  possibility  of  more  mo- 
tivational type  of  organizational  structure,  and  I  think  that  would 
be  well  received  throughout  NASA  if,  in  fact,  it  perhaps  might 
create  more  incentives  for  quality  people  and  long-term  excellent 
work. 

In  any  regard,  the  longevity  of  people  we  experience  within 
NASA  primarily  I  think  is  due  to  the  very  motivating  kind  of  work 
we  do  and  the  challenge  and  the  interest  and  the  kind  of  close-knit 
organization  we  have  had  in  conducting  that  work  over  the  years. 

Mr.  Roe.  Well,  I  will  tell  you  what  motivates  us,  and  I  just  want 
to  get  on  the  record  that  there  is  observations  that  people  who 
have  been  trained  and  lived  and  brought  in  NASA,  over  all  the 
years,  in  different  programs,  there  is  interplay  back  and  forth  be- 
tween industries  that  also  support  the  basic  program. 

It  seems  that  you  are  contained  under  the  civil  service  require- 
ments in  the  whole,  but  should  there  be  some  kind  of  premier 
pay — you  have  it  to  a  degree — but  should  there  be  a  more  crystal- 
lized premium  payment  schedule  for  people  who  are  doing  some  of 
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these  highly  specialized  jobs  to  encourage  them  to  stay  with  the 

agency?  i    i •  u 

In  other  words,  industries  can  hire  them  away  at  a  much  higher 
price.  There  is  no  question  about  that,  from  our  point  of  view.  But, 
should  there  be— as  we  are  thinking  over  the  whole  management 
program  and  the  personnel  programming— and  you  are  talking 
about  the  incentives,  the  espirit  de  corps,  and  people  working  to- 
gether, which  is  that  special  thing  NASA  has. 

Should  there  be  some  effort  to  go  in  toward  again  a  premium  pay 
schedule?  I  know  you  have  bonuses  and  so  forth,  but  is  there  any 
thought  given  to  that  at  all,  any  recommendations  to  go  to  that  in 
the  management? 

Mr.  Aldrich.  I  believe  that  is  part  of  the  program  that  is  under 
deliberation.  If  a  program  like  that  can  lead  to  a  stronger,  high 
continuity,  technical  organization  for  the  United  States,  it  would 
be  a  positive  step.  I  think  that  is  part  of  what  should  be  considered, 
and  is  being  considered,  in  trying  to  arrive  at  that  kind  of  a  strong, 
central,  scientific,  and  technical  focus  for  the  Government. 
Mr.  Roe.  Is  it  under  active  consideration? 
IVIr  Aldrich  Yes  sir. 

Mr.  Roe.  Is  that  being  considered  just  by  NASA?  Are  there  any 
outside  advisors  coming  in  to  NASA  on  some  of  these  management 
matters? 

Mr.  Aldrich.  I  can't  really  elaborate  on  the  details  of  how  it  has 
been  discussed,  although  I  understand  there  is  a  civil  service  orga- 
nization at  China  Lake  that  had  an  exploratory  program  that  is 
with  similar  objectives  to  try  to  strengthen  and  provide  motivation 
and  continuity  to  the  government  work  force  there,  and  that  has 
been  discussed,  I  know,  as  either  an  example  or  a  model  for  what 
could  be  considered  for  a  NASA  change. 

Mr.  Roe.  For  the  record,  let  me  just  get  these  questions  on,  if  you 
can  help  us  with  it. 

What  has  been  the  involvement  of  level  2  and  level  3  manage- 
ment in  the  hardware  problems,  particularly  relating  to  the  first 
group,  as  the  tiles,  prior  to  STS-l's,  the  brakes,  auxiliary  power 
units,  UTC  seals  that  failed  in  orbit,  and  the  general  purpose  com- 
puter? In  other  words,  how  much  of  an  active  role  do  levels  2  and  3 
play  in  that  area? 

Mr.  Thompson.  Let  me  comment  on  the  items  at  least  before 
STS-1.  If  you  take  a  step  backward  and  look  at  the  organization 
that  was  set  up  for  shuttle,  the  levels  1,  2,  and  3,  the  purpose  of  the 
level  3  organization  is  to  hold  the  direct  contracts  with  the  indus- 
try that  builds  the  hardware.  So,  that  is  the  level  of  the  organiza- 
tion that  has  the  first  handhold  on  the  actual  development  of  the 
hardware. 

The  purpose  of  the  level  2,  and  the  reason  it  was  put  at  a  devel- 
opment center,  was  to  use  the  technical  muscle  and  resources  locat- 
ed at  that  particular  facility  within  the  agency  to  bring  an  overall 
systems  engineering  and  integration  and  program  management 
function  in  the  program. 

Now,  some  hardware-related  items  are  of  a  systems  nature,  and 
have  to  be  worked  at  level  2.  Level  1  in  the  organization  was  kept 
in  Washington,  because  there  are  just  fundamental  things  in  any 
program  of  this  nature  that  have  to  be  worked  in  Washington,  the 
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large  interrelationship  with  the  Congress,  interrelationship  with 
the  executive  branch  of  the  Government,  the  large  budget  issues, 
other  kinds  of  external  relational  issues  that  are  just  better  done  in 
Washington. 

I  think  the  structure  of  the  level  1,  2,  and  3  organization  of  the 
shuttle  was  put  in  place,  recognizing  the  particular  unique  nature 
of  the  vehicle  that  we  were  developing,  the  need  to  use  the  re- 
sources that  the  country  had  developed  over  the  20  or  25  years 
prior  to  undertaking  the  shuttle  development  program. 

So,  if  you  pick  a  hardware  task  like  the  tiles,  the  tiles  were  clear- 
ly a  problem  on  the  orbiter,  which  was  clearly  within  a  level  3 
project  office.  Now,  that  doesn't  mean  that  level  2  and  level  1 
doesn't  insert  itself  in  that  process,  understand  what  is  being  done 
to  fix  it,  making  sure  all  the  resources  that  are  necessary  to  fix  it 
are  there. 

The  primary  responsibility  remains  with  the  level  3  organization 
to  fix  it,  and  level  2  and  level  1  try  to  help  where  they  can  in  a 
management  overview,  even  technical  advice  or  suggestions  on 
other  things. 

For  example,  when  the  tile  problem  first  emerged,  there  were  a 
number  of  detailed  things  that  Rockwell  had  to  move  out  and  do 
under  the  level  3  project  manager's  direction.  From  level  2,  we 
even  stepped  back  and  inserted  some  tests  at  the  flight  research 
center,  the  NASA  flight  research  certar,  in  order  to  contribute  to 
the  understanding  of  the  tiles.  That  was  a  place  where  level  2 
stepped  in  and  helped  the  activity. 

So,  I  think  the  organization  is  structured  to  respond  appropriate- 
ly. If  it  is  a  unique  hardware  problem  right  within  a  project,  then 
the  principal  task  falls  on  that  project  to  fix  that.  If  it  is  a  hard- 
ware problem  that  level  2  or  level  1  needs  to  insert  itself  into,  it 
does.  If  level  2  needs  to  bring  a  resource  from  other  places,  it  does. 
So,  I  think  each  particular  problem  we  have  got  a  little  bit  of  dif- 
ferent response,  depending  on  the  nature  of  the  problem. 

Mr.  LuNNEY.  I  would  perhaps  offer  you  some  different  thoughts 
along  the  same  line,  but  to  help  understand  what  goes  on  there. 

During  the  time  I  was  in  the  level  2  office,  I  think  most  of  that 
time  Mr.  Aldrich,  here  on  my  left,  was  the  manager  of  the  orbiter 
project  at  level  3.  He  and  I  worked  together  for  25  years,  and  even 
with  that  kind  of  natural  communication  that  we  have,  we  prob- 
ably spent  30  minutes  to  1  hour  or  so  a  day  on  the  average  talking 
about  issues  of  the  day  that  confronted  us  and  what  was  going  on. 

Let  me  give  you  an  example  of  one  way  that  level  2  could  work 
with  level  3  on  the  subject  of  tiles,  for  example.  Clearly,  putting 
tiles  on  the  orbiter  correctly,  being  sure  they  are  certified  and 
being  sure  they  fly  right,  ready  to  fly  right,  is  a  job  that  is  within 
the  purview  of  the  level  3  project  and  the  contractor  team,  as  Bob 
Thompson  just  described. 

However,  one  of  the  things  that  threatens  tiles  is  the  ice  damage 
that  might  occur  during  the  course  of  a  liftoff,  and  the  ice  be- 
comes— because  the  tank  is  filled  with  very  cold  propellants,  and 
can  sometimes,  under  certain  weather  conditions,  attract  ice.  The 
contribution  that  level  2  can  make  to  the  level  3  subject  of  tiles  is 
to  work  the  problem  to  assure  that,  to  the  maximum  extent  possi- 
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ble,  there  would  be  no  ice  on  the  tank  threatening  the  tiles  in  the 
sense  of  damage  during  the  ascent  phase  of  the  mission. 

So,  in  the  time  I  was  in  office,  I  found  I  spent  a  considerable 
amount  of  time,  especially  early  years,  working— making  sure  the 
problems  that  the  ice  that  might  fall  off  the  tank  and  any  debris 
that  might  come  back  up  off  the  launch  pad,  which  involved  the 
Kennedy  research  team,  was  a  subject  which  was  well  worked  and 
well  in  front  of  the  team  all  the  time. 

I  think  over  the  course  of  the  program  we  gradually  saw  a  clear- 
ly decreasing  amount  of  damage— to  the  tiles— from  either  ice 
damage  from  the  tank  or  from  pad  damage.  So,  in  that  way,  our 
efforts  were  not  redundant  but  very  complimentary  in  terms  of  get- 
ting the  tiles— the  level  3  job  of  getting  the  tiles,  and  getting  them 
on  right,  and  the  level  2  job,  working  with  the  tank  project  and  the 
Kennedy  people  in  order  to  assure  there  would  not  be  any  damage. 
On  other  issues,  I  felt  that  Mr.  Aldrich  kept  me  extremely  well 
informed  on  all  the  issues  of  the  day  facing  the  orbiter.  We,  gener- 
ally, spent  30  minutes  a  morning  on  the  phone  with  the  Kennedy 
team,  trying  to  be  sure  that  we  understood  what  the  issues  that 
were  facing  them— I  am  speaking  now  not  in  a  countdown  sense, 
but  in  a  daily  sense,  office  routine  sense. 

The  Marshall  people,  I  probably  talked  with  Bob  Lindstrom  sev- 
eral times  a  week,  and  the  length  of  time,  depending  on  the 
number  of  problems— in  general,  Marshall  was  dealing  with  some- 
what longer  term  problems,  or  let  me  say  it  this  way:  Problems 
that  required  a  longer  time  to  solve.  They  might  have  cracked 
blades  in  a  turbine  engine,  and  they  would  set  a  program  in  place 
to  find  out  what  that  was,  do  some  testing  on  it,  try  some  fixes,  et 
cetera,  and  then  certify  that  fix  in  an  engine  before  we  ever  got  to 
use  it  in  a  flight  sense. 

So,  they  were  dealing  with  problems  that  basically  had  longer 
time  constants  or  longer  durations  or  intervals  of  time  while  they 
were  in  the  active  solution  process. 

My  main  concern  for  those  kind  of  problems  was  to  stay  in- 
formed on  them,  stay  informed  on  when  there  were  likely  to  be 
fixes  available  in  the  field,  because  we  dealt  with  questions  of  what 
throttle  level  to  drive  the  engines  at  to  satisfy  the  mission  require- 
ments, how  hard  you  drive  the  engines.  The  harder  you  drive 
them,  the  more  payload  you  can  throw  into  orbit. 

So,  we  tried  to  balance  the  manifest  and  the  requirements  on  the 
system  with  the  maturity  of  the  engine,  for  example,  as  it  came 
along  through  its  testing  program  and  settled  out  where  we  flew 
the  100-percent  missions  for  a  while;  then  we  flew  104-percent  mis- 
sions for  a  while.  We  kept  it  at  104  percent.  And,  to  my  knowledge, 
we  haven't  yet  flown  a  109-percent  mission  all  the  way,  I  don't  be- 
lieve. We  tried  in  that  way  to  sync  up  or  synchronize  the  activities 
of  the  program  with  the  development  status  of  the  engine  program. 
And  I  can  think  of  some  other  examples,  but  aside  from  a  daily 
matter  of  staying  informed  and  helping  in  whatever  way  we  could 
from  level  2,  as  I  described,  for  example,  in  the  case  of  the  tiles,  we 
found  that  the  communications  were  relatively  strong,  although 
they  clearly  could  be  made  stronger.  And  I  think  the  events  of  the 
last  6  months  will  certainly  cause  that  to  happen  in  the  program. 
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Mr.  Thompson.  Let  me  make  one  other  point.  I  have  heard  the 
question  in  other  sources,  should  level  2  stay  at  the  field  center  or 
should  it  be  returned  to  headquarters.  I  think  it  is  very  important 
to  recognize  that  the  level  2  function  in  the  shuttle  program  re- 
quires a  very  strong  group  of  technical  people  to  support  it  proper- 
ly and  they  need  to  be  in  a  technical  environment  where  they  can 
work,  for  example,  propulsion  dynamics  problems,  flight  control 
problems,  things  that  cut  across  the  system. 

Level  2  is  not  just  an  office  that  passes  through  the  money  or 
hands  out  the  mission  assignments.  It  has  to  be  the  technical 
muscle  that  glues  the  program  elements  together  in  an  inte- 
grated sense  and  it  has  to  be  left  where  there  are  capabilities 
to  run  them— the  risk  management  organization  of  the  kind  I  de- 
scribed. 

I  don't  think  Washington  is  the  right  place  to  do  that  job.  I  think 
the  right  place  for  that  job  is  where  it  has  been  for  the  last  15 

years. 

Mr.  Aldrich.  As  Dr.  Lunney  indicated,  up  until  August  last  year, 
I  was  the  level  3  project  manager  for  the  space  shuttle  orbiter.  In 
that  responsibility,  it  was  my  job  to  know  all  details  of  orbiter  ac- 
tivity and  to  work  directly  on  a  daily  and  an  hourly  basis  with  the 
level  4  prime  contractor  for  the  orbiter,  know  the  requirements 
and  missions  and  flight  conditions  that  were  going  to  be  expected 
of  it  and  know  the  problems  that  were  occurring  either  in  flight  or 
anywhere  in  the  vast  network  of  grounds  facilities  or  suppliers  of 
the  project  on  a  daily  basis. 

My  responsibility  was  to  understand  those  problems  from  criti- 
cality  of  correction  or  resolution  and  to  keep  Dr.  Lunney,  then 
head  of  the  level  2  office,  apprised  particularly  of  those  things  that 
were  critical  or  potentially  critical  and  to  recommend  to  him  where 
fixes  could  or  should  be  introduced  into  the  program,  the  nature  of 
those  fixes,  the  schedules  and  the  impacts  of  them. 

I  attempted  to  do  that  almost  as  a  matter  of  course  because  of 
the  fluency  of  the  way  the  program  was  structured  and  the  activi- 
ties flowed  from  development  of  flight  phases  from  one  mission  to 
the  next. 

An  example  that  he  did  not  mention  was  the  orbiter  brakes.  The 
orbiter  breaks  had  been  a  very  frustrating  subsystem  in  the  vehicle 
probably  because  of  the  limited  ability  to  flight  test  them.  There  is 
no  way  to  flight  test  them  without  an  orbital  landing  and  orbital 
landings  are  precious  and  hard  to  come  by. 

But  from  flight  to  flight,  we  would  carefully  analyze  the  brakes. 
We  would  attempt  to  define  the  marginal  performance  and  accept- 
able use  for  the  next  flight  and  also  try  to  quantify  ways  that  we 
can  instill  improvement  into  the  brake  program. 

Many  implementations  were  brought  into  the  program  and  thus 
far  we  have  only  had  marginal  success  in  improvement.  However, 
during  the  period  we  are  currently  in,  we  have  time  to  complete  a 
fairly  large  set  of  further  brake  enhancements  and  we  will  experi- 
ment with  those  on  our  next  flights  landing  at  Edwards  Air  Force 
Base  in  California,  and  shortly  thereafter  a  brandnew  carbon  brake 
system,  which  is  the  ultimate  result  of  frustration  of  not  being  able 
to  find  complete  solutions  through  our  best  technical  support. 
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That  is  an  example  of  how  we  worked  and  I  beUeve  is  typical  of 
how  the  levels  4,  3,  and  2  should  report,  the  level  between  2  and  1, 
which  I  now  deal  with  completely  also,  again  is  and  should  be  a 
chain  of  regular  communications  of  activity  in  the  program,  par- 
ticularly with  sensitivity  to  issues  or  problems  that  may  be  being 
experienced. 

Mr.  Roe.  the  gentleman  from  Florida. 

Mr.  Nelson.  Thank  you,  Mr.  Chairman. 

You  three  are  no  doubt  aware  of  the  safety  incentives  in  the 
shuttle  contracts  which,  as  I  understand  it,  are  a  $5  million  fme  in 
one  instance  and  a  $10  million  fme  in  another,  and  my  question  is, 
is  it  possible  to  design  a  set  of  safety  incentives  in  the  contract  that 
would  give  more  incentives  for  safety  other  than  what  is  in  there 

already? 

Mr.  Thompson.  Let  me  offer,  I  guess,  two  comments  to  that.  One, 
the  type  of  safety  that  we  are  looking  for  for  a  system  like  the 
shuttle,  I  think  they  can  be  enhanced  with  these  kind  of  stipula- 
tions in  a  contract.  They  can't  truly  be  bought  that  way. 

We  have  not  suffered  at  all  in  our  manned  space  flight  programs 
in  my  opinion  from  a  lack  of  attention  or  concern  on  peoples'  part. 
I  think  most  people  in  my  25  years  or  so  of  experience  in  this  busi- 
ness have  been  very  serious  and  dedicated  about  the  business  they 
are  in  and  I  have  never  detected  that  a  contractor  would  deliber- 
ately infringe  on  safety  for  a  profit  motive. 

Certainly  if  you  hang  a  larger  incentive  toward  safety,  you  may 
enhance  a  strong  focus  on  safety  and  I  would  not  say  that  it 
wouldn't  do  some  good  to  enlarge  those  enhancements.  However,  I 
think  that  is  only  one  facet. 

You  get  a  lot  of  attention  by  the  nature  of  the  type  of  program 
you  are  running,  the  nature  of  the  people  that  you  want  on  the 
program  and  I  think  you  have  to  do  those  things  in  addition  to 
many  other  things  to  keep  the  risk  management  properly  balanced. 

Mr.  LuNNEY.  That  is  the  way  I  would  see  it  as  far  as  incentives 
for  safety.  They  are  there.  I  think  we  need  to  be  sure  we  keep  them 
before  everybody  everyday  and  find  ways  to  make  that  more  and 
more  a  living  part  of  our  daily  life. 

Mr.  Aldrich.  I  agree  with  those  comments.  I  think  that  that  is 
an  area  we  should  and  will  look  at,  but  it  has  been  my  feeling  and 
expectation  in  the  program  in  the  past  and  would  hope  in  the 
future  that  we  are  instinctively  emphasizing  and  focusing  on  safety 
and  that  the  contract  should  not  be  required  to  be  a  driver. 

I  think  it  should  be  balanced  and  perhaps  provisions  could  be 
added,  but  not  as  a  primary  means  of  achieving  the  safety  support 
we  need. 

Mr.  Nelson.  Thank  you,  Mr.  Chairman. 

Mr.  Roe.  The  gentleman  from  California. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

I  have  one  series  of  questions  for  Mr.  Thompson.  I  understand 
that  in  our  testimony  that  you  indicated  NASA  needs  to  have  more 
technical  muscle.  Would  you  explain  what  you  mean  by  that? 

Mr.  Thompson.  I  don't  know  as  I  necessarily  said  they  need  to 
have  more.  I  said  they  needed  to  keep  strong  technical  muscle  in  a 
program  of  this  nature.  I  am  not  implying  they  don't  have  it.  I  am 
saying  you  cannot  afford  to  relax  your  technical  muscle.  There  will 
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always  be  an  inherent  risk  in  flying  a  machine  of  this  type.  I  think 
you  have  to  not  only  keep  the  muscle  at  the  project  level,  level  3  in 
the  shuttle  program  both  in  the  projects  offices  in  NASA  and  in 
the  contractors,  I  think  you  have  to  keep  a  strong,  dedicated 
muscle  across  the  system  and  that  technical  muscle  needs  to  try  to 
anticipate  where  the  next  failure  is. 

These  pending  failures  are  not  easy  to  find.  Once  something  like 
the  51-L  accident  occurs,  even  the  janitor  knows  there  was  a  prob- 
lem. The  problem  is  to  find  out  where  the  next  one  is  before  it 
occurs  and  not  let  it  happen  and  that  is  why — you  have  to  put  the 
technical  people  into  an  environment  where  they  are  receiving  the 
data,  the  data  from  flights,  people  running  the  program  ought  to 
be  willing  to  put  special  instrumentation  in  from  time  to  time  if 
there  is  a  trouble  area. 

You  have  to  collect  that  data  over  a  period  of  flights  and  watch 
its  trends  and  you  have  to  have  an  attitude  on  the  part  of  manage- 
ment that  when  the  whistle  is  blown,  they  are  willing  to  do  some- 
thing about  it. 

You  have  to  create  an.  environment  where  the  people  who  have  a 
pending  problem  will  come  forward  and  with  a  loud  voice.  From 
what  I  have  heard,  I  think  the  Thiokol  people  came  forward,  but  I 
don't  think  they  came  forward  with  a  very  loud  voice. 

If  they  had  known  ahead  of  time  the  seriousness,  they  should 
have  been  kicking  and  screaming.  They  shouldn't  have  been  put- 
ting it  as  one  item  on  a  briefing  chart. 

So  you  have  to  create  an  attitude  in  a  risk  management  organi- 
zation where  people  will  be  heard,  but  you  have  to  deal  with  the 
hand  wringing.  I  have  never  been  where  people  aren't  wringing 
their  hands  worrying  that  things  might  be  bad. 

What  is  the  balance  between  just  the  hand  wringers  who  are 
worrying  and  the  real  problems  that  you  maybe  haven't  fixed  or 
that  you  shouldn't  fix  and  that  is  what  I  mean  by  saying  it  is  not 
easy. 

We  all  know  about  the  accidents  that  occurred  yesterday.  It  is 
the  ones  that  are  going  to  occur  tomorrow  that  is  the  tough  thing. 

Mr.  Roe.  Will  the  gentleman  yield? 

The  interesting  part,  you  may  have  the  impression  that  because 
you  are  the  afternoon  witnesses  and  members  aren't  here,  that 
doesn't  mean  the  substance  is  lessened.  When  all  those  television 
cameras  are  playing  and  the  drums  are  beating  and  the  flags  are 
flying,  the  place  is  loaded,  when  you  get  into  doing  the  work,  that 
is  an  entirely  different  set  of  circumstances. 

The  last  of  life  for  which  the  first  was  made  is  the  important 
point  and  that  is  the  substance  of  your  testimony  today,  so  if  you 
are  worried  and  tired,  so  am  I. 

Having  said  that  to  set  the  stage,  people  seem  to  think  they  have 
dimensioned  the  problems,  whatever  the  problems  may  be,  because 
we  have  a  commission  report. 

You  spoke  just  a  moment  ago  that  from  your  point  of  view  that 
there  are  certain  people  who  have  testified  who  haven't  been  very 
dynamic  in  their  response  in  the  order  of  magnitude  of  what  hap- 
pened. 
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By  the  same  token,  if  you  notice,  a  great  many  of  our  witnesses 
are  coming  in  an  saying,  "We  believe  in  the  Commission  report.  It 
is  a  fine  piece  of  work,  but  that  is  only  part  of  the  issue." 

That  was  transcribed  into  writing.  There  was  a  great  deal  of  the 
Commission  observations  not  put  into  recommendations  that  said 
you  ought  to  be  identifying  further  what  we  ought  to  be  doing. 

I  have  observed  that  a  good  deal  of  the  testimony  is  if  we  get  this 
done  and  we  satisfy  the  Commission's  observations,  it  is  all  finished 
and  we  can  run  away  and  we  will  fly  24  flights  a  year  and  so  forth. 

We  speak  to  the  idea  of  short-range  policies.  Nobody  has  put  into 
focus  before  this  committee  yet  a  substantive  response  to  the  short- 
range  policy  over  the  next  5  years  as  it  grows  across  the  board  with 
NASA,  the  military,  the  intelligence  community. 

Nobody  has  come  out  and  said,  "This  is  what  we  should  do  in  5 
years."  What  about  the  long  range  of  it,  although  out  of  the  testi- 
mony there  has  come  fragments  of  important  pieces  of  fear. 

You  say  we  agree  and  we  will  start  from  there.  The  general 
brought  up  an  important  point  when  he  talked  about  a  methodolo- 
gy of  improved  quality  control  in  the  manufacturing  process, 
throughout  the  whole  system,  not  just  applied  to  the  automatic 
welding,  humans  can't  do  that  exactly  piece  by  piece,  and  he  was 
right,  but  that  should  go  through  the  whole  system,  not  just  that 
particular  issue.  The  identification  of  that  particular  issue,  which 
leads  to  the  question,  we  have  been  talking  about  that  O-ring  ad 
nauseum,  but  yet  we  know  there  is  a  problem  with  the  brakes. 

Now,  you  say — and  rightfully  so,  we  have  to  identify  those  issues 
before  they  happen  and  do  something  about  them  because  if  some- 
body had  identified  the  O-ring  or  listened  to  the  signs  and  saw  the 
signs,  they  would  have  done  something  about  it  sooner.  That  is 
what  you  have  all  said.  That  was  the  reason  I  brought  out  not  just 
the  management  end,  those  other  items,  we  know  of  five  or  six  of 
these  criticality  items  that  are  really  critical. 

We  know  there  is  a  problem  with  the  brakes.  Why  should  that  be 
delayed?  Would  that  not  be  the  primary  issue,  something  we  know 
we  should  do  something  about  or  should  we  wait  until  flight  27  or 
28  to  decide  that? 

I  am  not  being  facetious. 

Mr.  Thompson.  Let  me  comment  on  the  brakes  since  I  am  not 
working  directly  on  the  brakes  today.  I  think  the  brakes  have  been 
identified  for  some  time  as  an  ongoing  problem.  The  people  flying 
the  vehicle  have  to  decide  whether  the  brakes  are  enough  of  a 
problem  to  not  fly  the  next  flight  or  whether  the  ongoing  program 
to  bring  in  an  upgraded  set  of  brake  capabilities  is  adequate. 

There  have  been  problems  with  the  brakes,  but  those  problems 
haven't  necessarily  precluded  landing  the  vehicle  safely,  and  you 
have  to  then  balance  what  is  an  ongoing  fix  that  is  acceptable  and 
what  is  something  you  have  to  ground  the  fleet  until  you  fix. 

Mr.  Roe.  If  the  gentleman  would  yield,  the  interesting  point  is, 
though,  if  you  listen  to  the  cross  testimony  we  have  received  for 
the  last  5  weeks,  the  dog  work  that  has  to  be  done  in  finding  out 
what  we  should  be  doing  is  that  they  knew  about  the  O-ring.  That 
wasn't  anything  new.  It  was  on  flight  after  flight. 

As  the  general  said  this  morning,  one  of  the  great  values  of  the 
shuttle  program  per  se  is  that  we  can  retrieve  the  hardware.  You 
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talked  about  cracked  blades.  We  know  that  because  we  can  retrieve 
the  hardware.  So  they  knew  about  it.  That  wasn't  a  big,  long 
query.  Nobody  considered  it  to  be  serious  enough. 

We  will  still  fly.  It  is  a  judgmental  factor  and  we  still  went  ahead 
and  flew.  I  am  not  belaboring  the  issue,  but  I  wonder  in  criticality 
1  list  how  many,  including  the  brakes,  may  be  involved  that  are 
accidents  waiting  to  happen? 

Mr.  Aldrich.  I  would  like  to  respond  with  a  brief  summary  of 
some  of  the  things  directly  in  that  regard  that  the  program  is 
doing.  Not  long  after  the  task  force  started  its  support  of  the  Com- 
mission in  Florida,  I  returned  to  normal  duties  in  the  program  and 
started  an  activity  which  we  call  system  design  reviews  at  the  STS 
Program  in  Washington  and  we  have  been  in  an  organized  way  re- 
viewing all  technical  issues  that  each  subsystem  technical  person 
across  the  program  believes  is,  are  or  may  be  critical  for  their  sub- 
systems. 

We  had  had  probably  a  dozen  meetings  of  that  class  across  the 
orbiter,  the  main  engines,  the  solid  rockets,  the  tanks  and  the 
ground-support  equipment,  and  we  have  identified  in  the  process 
and  formally  set  in  motion  to  correct  68  specific  technical  items 
before  the  next  flight. 

We  have  a  much  longer  list  of  items  which  are  critical,  but  not 
constrained  to  the  next  flight  that  we  are  also  going  to  fix  and  they 
are  factored  into  our  technical  recovery  plan  that  we  are  working 
with  NASA  Headquarters  on. 

That  is  not  to  say  that  these  would  not  have  been  found,  maybe 
even  were  already  known,  but  found  through  this  critical  items  list 
review  in  process,  which  is  a  much  more  complicated  penetrating 
review  of  every  element  of  the  program. 

These  are  to  find  the  sensitive  areas  in  the  program  that  some- 
one knows  about  and  wants  addressed  at  high  levels,  and  we  have 
been  conducting  those  reviews  regularly  assigned  to  the  actions 
and  are  pursuing  them  weekly  for  status  and  achievement  of  the 
schedules,  and  they  cover  issues  like  brakes,  the  goodness  of  the  or- 
biter windows,  the  goodness  of  the  thermal  protection  system,  a 
number  of  issues  with  performance  of  the  main  engines,  other 
issues  related  to  the  solid  rocket  booster  components  that  aren't 
part  of  the  motor  itself  and  I  believe  the  sense  of  what  you  are 
asking  for  is  a  real  strong  focus  from  my  perspective  and  my  point 
of  view  in  the  program  and  we  are  actively  working  to  try  to 
achieve  those  objectives  you  referred  to. 

Mr.  Roe.  Could  you  send  us  a  copy  of  that  interim  report? 

Mr.  Aldrich.  Yes,  sir. 

[The  information  to  be  furnished  can  be  found  in  appendix  2, 
p.  325.] 

Mr.  Roe.  The  gentleman  from  California. 

Mr.  Packard.  Thank  you,  Mr.  Chairman. 

I  think  that  the  chairman  brings  up  a  point  that  I  have  worried 
about  all  the  way  through  these  hearings  and  it  has  been  the 
thrust  of  many  of  my  questions. 

I  was  at  the  landing  when  Senator  Garn  came  down  and  wit- 
nessed the  blowing  of  the  tires  and  the  failure  of  the  brakes  on 
that  landing.  It  was  my  first  landing  observation.  Had  that  created 
an  accident  that  would  have  caused  damage  to  the  vehicle  and  pos- 
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sible  injury  to  the  crew,  we  would  have  grounded  the  fleet  and  cor- 
rected the  brake  problem. 

The  question  just  has  to  come  to  mind,  would  we  have  then  cor- 
rected the  0-ring  problem?  I  don't  know.  We  probably  would  have 
fixed  the  brakes  and  got  back  into  flight  as  quickly  as  could  be- 
cause it  likely  would  not  have  been  that  serious  of  an  accident,  but 
we  are  right  at  that  point  now. 

We  have  grounded  the  fleet,  of  course,  but  we  had  a  failure  of 
the  0-ring  joint,  but  there  are  other  nagging  weaknesses  that  we 
have  known  about  that  are  also  on  criticality  lists  high  enough 
that  it  could  cause  a  loss  of  mission  and  crew. 

The  question  is,  Are  we  going  to  continue  to  fly  with  those  weak- 
nesses now  that  we  may  repair  the  O-ring  problem?  Well,  I  am  not 
suggesting  that  we  make  that  decision  here  today,  nor  that  we  on 
this  committee  make  that  decision,  but  I  think  it  is  a  policy  deci- 
sion that  has  to  be  made,  how  far  do  we  go  with  our  failure  areas, 
those  areas  that  we  have  identified  that  are  not  operating  the  way 
we  want  them  to  operate? 

How  long  are  we  going  to  go  before  we  actually  repair  them  or 
ground  the  fleet? 

Another  question  is  a  follow  up  of  my  first  one  relative  to  the 
technical  muscle  that  we  need  to  maintain  and  that  you,  Mr. 
Thompson,  indicated  we  ought  to  maintain.  We  are  aware  certainly 
that  our  contractors  that  help  build  and  maintain  and  design  and 
do  all  of  the  things  that  they  do,  do  have  a  great  deal  of  technical 
know-how. 

They  obviously  do.  Do  we  need  a  redundancy  of  that  technical 
muscle  at  the  contractor  level  as  well  as  at  NASA  level?  Is  it  neces- 
sary that  we  have  that  or  would  it  be  more  appropriate  to  bring  in 
the  contractors  and  use  their  technical  muscle  without  having  to 
have  a  redundancy  of  that? 

Mr.  Thompson.  Let  me  try  to  expand  that.  I  think  you  have 
today  and  you  have  always  had  in  the  manned  space  flight  pro- 
grams the  kind  of  technical  muscle  that  you  have  described.  Today 
ongoing  in  the  shuttle  program,  there  is  technical  muscle  at  the 
contractors  that  build  the  hardware  that  are  continually  working 
and  worrying  about  the  program.  There  is  technical  muscle  within 
the  development  center,  Government  employees  and  their  support 
contractors  who  bring  a  check  and  balance  to  that  technical  muscle 
in  the  contractor  field,  and  there  is  no  way  in  my  opinion  you  can 
continue  to  move  forward  with  something  like  the  shuttle  program 
without  keeping  that  technical  muscle  in  place. 

So  there  are  at  least  two  layers  of  technical  muscle  today.  You 
have  to  be  sure  you  have  that  technical  muscle  organized  right,  fo- 
cused right,  worrying  the  right  problems  from  the  right  perspec- 
tive. Again,  risk  management  is  not  just  an  event-oriented  prob- 
lem, when  something  blows  up  everyone  stops  and  fixes  the  things 
they  know  about  at  that  time  and  then  they  fly  again  until  some- 
thing happens.  It  is  something  that  has  to  work  every  day  and 
when  an  activity  reaches  a  critical  level,  then  you  have  to  be  sure 
something  is  done  about  it  before  it  goes  unstable  on  you. 

That  is  what  I  mean  by  risk  management.  It  has  to  be  there 
every  day.  If  we  operate  the  shuttle  for  the  next  25  years,  we  will 
have  to  keep  that  activity  for  the  next  25  years. 
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Mr.  Packard.  I  think  you  have  hit  upon  an  important  point  and 
one  that  we  have  recognized  in  our  hearings,  and  that  is  that  we 
were  on  a  program  of  flying  until  something  happened.  I  really  be- 
lieve that  there  are  areas  where  we  knew  there  were  problems  but 
we  were  flying  until  something  happened,  and  I  think  that  we  are 
at  a  point  now  where  that  is  not  acceptable.  We  have  got  to  correct 
the  problems  before  something  happens. 

Mr.  Aldrich.  I  am  sure  that  was  an  inadvertent  path  and  a 
subtle  path  and  I  think  again  the  burden  that  the  management 
carries  is  when  a  problem  has  reached  a  criticality  level  where  you 
really  have  to  ground  things  if  it  is  necessary,  or  can  you  fix  them 
on  the  fly,  so  to  speak,  and  still  operate  safely?  That  is  a  tough 
problem  people  like  ourselves  have  to  carry  every  day. 

Mr.  LuNNEY.  There  will  come  a  time  in  the  future  when  the  68 
items  that  Mr.  Aldrich  referred  to  and  10  times  that  many  have 
been  fixed  and  there  will  be  another  list  on  this  table  and  some- 
body is  going  to  have  to  decide  each  time  that  it  is  either  bad 
enough  and  you  have  to  stop  or  it  is  acceptable  and  there  is  a  way 
to  deal  with  it  and  you  can  contain  the  risk  and  you  can  go  ahead, 
because  there  will  be  another  list  5  years  from  now. 

Mr.  Packard.  I  agree  with  you.  I  brought  with  me  and  I  didn't 
bring  it  back  this  afternoon — the  implementation  recommendations 
for  the  recommendations. 

I  mentioned  this  morning  that  was  one  of  my  glaring  concerns 
about  it,  was  that  it  takes  care  of  the  problems  to  get  us  to  flying 
again,  but  I  still  do  not  see  in  these  implementations  actions. 

I  do  not  see  an  ongoing  system  of  protection  to  keep  us  from  fall- 
ing back  into  this  point.  There  will  be  another  69  items  that  need 
to  be  addressed  that  we  may  become  complacent. 

We  are  successfully  flying  with  those  69  or  so  items  that  are 
flawed,  but  not  devastating.  They  don't  destroy  the  mission,  and 
that  is  what  I  am  concerned  about,  is  we  do  not  have  that  inde- 
pendent check  and  balance  system  built  into  what  these  actions 
call  for. 

Mr.  Roe.  Let  me  build  on  that,  if  the  gentleman  will  yield. 

Where  we  are  coming  from  is  that  the — we  don't  want  to  beat 
this  horse  to  death.  I  think  we  have  all  just  about  legitimately  and 
effectively  exhausted  our  reviews  short  of  the  final  policy  and  long- 
range  policy. 

But  I  think  what  has  come  out  of  it,  for  example,  again,  if  the 
General's — a  thought  occurred  while  he  was  testifying  this  morn- 
ing. He  mentioned  that  in  his  new  duties  as  head  of  the  SDI  that — 
he  said  he  was  in  Utah  and  discovered  this  methodology  of  welding 
and  so  forth  that  he  thought  from  his  observation  and  experience 
in  NASA  that  this  is  something  NASA  ought  to  be  advised  about, 
and  it  is  a  good  approach,  because  from  a  quality  control  point  of 
view  this  is  a  good  thing. 

If  we  apply  that  thought  process  to  what  the  general  said,  he 
said  he  followed  through  with  NASA  and  they  discovered  it  was  a 
good  idea,  that  circumstance  could  be  out  there  if  somebody  had  co- 
ordinated methodology  to  get  that  information  coordinating  where 
it  belongs. 

For  example,  there  is  criticism  that  says,  you  have  people  v/ho 
work  for  NASA,  then  they  work  for  the  company,  then  for  the 


281 

hardware  people.  They  go  from  the  hardware  people  and  go  back  to 
NASA.  ^    , 

I  don't  think  that  is  terribly  incestuous  or  anything  else.  I  feel 
that  does  carry  important  information  back  and  forth  and  improve- 
ments. 

We  are  all  learning  from  it.  But  if  we  have— if  out  of  these  hear- 
ings a  few  points  emerge  that  are  worth  pursuing,  that  certainly  is 
one  of  them. 

What  do  we  do  and  what  do  we  have  nationally— has  NASA 
thought  about  setting  up  a  central  team  someplace  that  looks  for 
the  innovations  that  are  out  there  across  the  board?  Because  it 
would  not  only  help  the  NASA  Program;  it  would  help  the  military 
program. 

Is  there  a  coordinating  body  someplace  that  is  doing  that? 
Mr.  Thompson.  I  think  within  the  development  centers  of  NASA 
there  is  a  continual  activity  of  the  type  that  you  described. 

Within  NASA  and  within  the  contractors  that  traditionally  work 
for  NASA  there  is  a  constant  effort  to  stay  abreast  of  welding  tech- 
niques and  what  would  be  a  better  way  to  do  the  job  today  than  it 
was  yesterday. 

That  is  an  ongoing  fundamental  part  of  the  development  centers 
that  this  Nation  has  put  in  place  at  places  like  Houston  and  Mar- 
shall, and  I  think  that  the  technical  people,  the  professional  civil 
servants  in  NASA,  stay  pretty  abreast  of  that  type  of  thing  and  do 
bring  that  improved  technology  into  the  program  on  a  timely  basis. 
Again,  you  have  to  watch  when  you  bring  something  new  like 
that  in  that  you  don't  bring  in  mischief,  too,  because  there  are  sub- 
tleties that  come  along  with  things  of  that  nature,  and  if  you  are 
not  careful  you  invalidate  your  certification  and  your  development 
programs. 

Mr.  Roe.  Then  we  are  just  letting  it  bubble  up  rather  than  the 
point  of  view  of  being  on  top  of  it. 

Wouldn't  it  make  practical  sense— and  following  through  the 
gentleman  from  California's  objections,  from  California— wouldn't 
it  make  practical  sense  from  a  management  point  of  view  to  have  a 
team  that  was  specifically  assigned  on  the  whole  system,  above  and 
beyond  level  2,  level  3,  Marshall  doesn't  talk  to  Kennedy,  Kennedy 
doesn't  talk  to  Johnson. 

It  seems  to  me  that  the  idea  of  having  a  group  that  would  be  con- 
stantly looking— not  that  they  are  not  doing  it  in  some  of  the  cen- 
ters—they are— but  a  dynamic  group  that  is  out  there  anticipatory 
of  these  issues  rather  than  let  it  bubble  up  from  Marshall,  from  the 
Johnson  Center,  et  cetera. 

Do  we  sometimes  see  those  things  for  the  forest  and  the  trees? 
One  of  the  points  people  make— people  say,  "Well,  you  know,  some- 
body has  to  make  a  decision." 

You  can't  go  along  with  the  reports  all  the  time  and  be  putzing 
around  with  this  and  that.  Somebody  has  to  say  fly  or  no  fly. 

You  are  saying  we  have  to  fly  or  no  fly  based  on  what  we  know, 
to  the  best  of  our  knowledge.  Fine.  We  fly  or  don't  fly.  You  can't 
have  somebody  say,  "The  wind  is  blowing  too  hard;  let's  stop,"  or 
"It  is  raining  there;  let's  stop." 
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I  agree  with  that.  It  is  early  yet.  But  we  are  not  satisfied  that 
NASA  has  come  up  with  a  couple  of  innovative  approaches  looking 
down  the  road  beyond  another  Commission's  report. 

We  don't  feel  that  is  bubbling  up  yet,  for  whatever  that  is  worth. 
In  other  words,  should  we  mandate  that  in  legislation? 

Mr.  LuNNEY.  I  don't  know  about  that,  sir.  If  I  may,  your  invita- 
tion to  me  as  one  person  who  has  showed  up  here,  did  discuss  the 
Commission  report  and  indicated  that  that  is  what  you  wanted  to 
talk  about. 

I  sense  what  you  are  looking  for  and  you  are  correct.  A  lot  of  the 
replies  have  been  within  that  context  and  I  think  you  are  looking 
for  more  than  that. 

I  listened  to  what  Mr.  Aldrich  said  was  going  on  on  the  69  items, 
and  it  occurs  to  me  that  maybe  you  ought  to  ask  people  to  bring  all 
the  rest  of  the  picture  to  you,  because  as  we  continue  to  discuss 
this  Commission  report,  you  do  tend  to  get  a  bounded  set  of  discus- 
sions the  way  you  have  probably  received  them. 

Mr.  Roe.  For  exaraple,  while  you  were  talking  before,  you  said, 
"Well,   we   have   people   that   are   coming   up   with   ideas   in   the 

agency." 

Mr.  Thompson  said  it  depends  upon  whether  there  is  the  atmos- 
phere or  the  environment  is  such  that  you  can  bring  out  a  point. 

I  have  worked  for  other  organizations.  I  have  been  in  the  mili- 
tary and  know  when  to  keep  quiet  and  when  to  speak  out.  Has 
NASA  said  of  our  thousands  of  employees,  "We  are  going  to  put  a 
drop  box  here.  Anybody  got  a  thought  that  is  bothering  them,  have 
you  got  the  guts,  help  us  out  and  drop  it  in  the  box." 

Have  we  done  that  yet  or  have  we  been  talking  to  the  same 
people  that  led  up  to  the  decision  process? 

We  haven't  called  in  the  janitor.  We  have  called  in  the  compa- 
nies, the  hardware  people,  the  people  that  made  the  decision,  the 
administrators,  the  executives,  and  not  a  single  one  of  the  people 
doing  the  gut  work  have  been  called  in,  and  they  are  the  very  same 
people  who  are  the  heart  and  the  dynamics  that  make  it  run. 

General  Abrahamson  said  we  could  have  all  the  rules  in  the 
world,  a  whole  structure,  but  if  nobody  follows  it,  it  is  not  going 
anyplace. 

So,  they  haven't  called  in  John  Q.  Citizen  to  say,  "What  are  you 
doing  there?"  You  were  taking  that  part,  which  is  XYZ  tape  disk 
one— we  dropped  it  in  the  sand  and  you  put  it  there,  and  where  did 
the  tests  come  out? 

Do  we  have  to  get  to  a  point— I  am  hoping  if  the  gentleman 
would  yield,  I  hope,  and  this  member  intends  to,  in  due  course— to 
invite  back  and  then  take  all  the  gloves  off  where  we  are  dimen- 
sioning little  questions  and  so  forth,  that  we  all  have  to  be  careful 
how  we  answer  them  and  say,  "What  should  we  be  doing?" 

The  Soviets  announced  this  morning— and  there  is  a  whole  dis- 
sertation of  where  they  are  going— they  are  light  years  ahead  at 
this  point.  We  have  people  arguing  should  we  have  a  fourth  orbit- 
er.  You  dare  say  so,  because  you  are  a  member  of  NASA  now. 

Can  you  make  that  comment?  Should  we?  Let  me  ask  the  ques- 
tion. 


283 

Mr.  Andrews.  I  believe  we  should  have  a  fourth  orbiter.  I  believe 
it  is  necessary  to  meet  the  objectives  that  the  country  has  in  the 
next  decade. 

We  can  not  meet  what  we  intend  to  do  in  the  manned  program 
with  just  the  shuttle  and  the  projected  station  program  with  three 
orbiters,  in  my  belief. 

Mr.  LuNNEY.  Absolutely,  yes. 

As  a  matter  of  fact,  the  delay  in  arriving  at  a  positive  answer  to 
that  is  one  of  the  things  that  communicates  a  message  of  uncer- 
tainty to  the  people. 

And  it  is  the  people  that  you  want  to  put  this  program — John  Q. 
Citizen  you  were  talking  about,  the  men  and  women  who  make  this 
thing  work — you  want  to  get  them  back  on  track  and  that  is  a  very 
clear  message,  one  way  or  another,  to  them. 

Mr.  Thompson.  I  think  definitely,  I  can't  imagine  a  society  like 
ours  not  wanting  to  be  a  spacefaring  nation,  and  I  can't  imagine  us 
being  a  spacefaring  nation  for  the  next  few  years  without  a  suita- 
ble orbiter  fleet  or  a  shuttle  fleet. 

That  is  the  reason  we  built  the  shuttle,  to  have  this  capability 
and  to  let  the  fleet  size  go  as  low  as  three,  I  don't  think  is  wise. 

I  think  four  is  a  minimum  required  if  we  are  going  to  do  the 
things  we  want  to  do  here. 

Mr.  Roe.  We  have  two  managers  now  who  are  looking  at  it  from 
a  different  point  of  view  because  they  are  out  in  the  world  and  we 
have  one  manager  here  who  has  inherited  the  previous  manager's 
responsibilities  and  he  is  trying  to  make  the  thing  run. 

Let  me  ask  you  something  just  while  we  have  a  few  minutes  of 
our  own  time.  What  do  you  see  for  the  future?  What  should  we  be 
telling  the  American  people? 

We  know  that  the  short  5-year  term  is.  We  have  to  get  back  in 
the  sky  as  quickly  as  possible,  as  safe  as  we  can.  We  have  to  set  up 
our  management  programs  and  do  it. 

Are  we  capable?  Of  course,  we  are.  Let's  get  on  with  it.  We  re- 
built the  shuttle  fleet  and  convince  people  to  listen  and  built  the 
fourth  orbiter,  get  spare  parts  so  we  are  safer. 

We  get  back  into  a  program.  Now  we  are  flying  a  shuttle  system. 
We  think  about  the  space  station.  We  have  to  get  that  up  there  be- 
cause we  are  spending  a  lot  of  money  on  that.  We  have  to  get  the 
inventory  off  the  shelves  of  our  satellites  and  get  going. 

We  have  got  to  compete  with  the  Japanese,  particularly.  I  see  it 
coming  and  see  what  we  are  going  to  be  doing  as  far  as  the  French 
are  concerned,  and  watch  what  the  Soviets  are  doing  in  their  areas 
and  the  glamour  of  going  to  Mars  and  Pluto  and  where  else  they 
are  going  to  go. 

What  about  our  policy?  That  seems  to  be  the  shuttle  relation- 
ship, our  telescope,  our  space  station.  So  what?  Where  do  we  go 
from  there?  Have  you  thought  about  it?  You  spent  34  years  there. 

Mr.  Thompson.  You  have  asked  a  broad  based  question.  I  would 
like  to  make  a  couple  of  observations. 

One  of  the  relatively  easy  things  to  do  with  a  question  like  you 
ask  is  to  be  visionary,  to  just  sort  of  wave  arms  and  say  we  should 
do  this  or  that,  but  then  when  you  reduce  it  down  to  this  year's 
budget  or  next  year's  budget,  you  get  a  different  kind  of  problem  to 
deal  with. 
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I  think  that  we  have  to  somehow  or  other  keep  a  general  long- 
term  thrust  before  us  while  we  learn  how  to  deal  with  programs 
that  have  to  live  and  die  in  budget  years. 

So,  in  the  one  case  you  are  dealing  with  a  yearly  problem  and  in 
the  other  case  you  are  dealing  with  a  more  visionary  problem. 

I  think  the  decision  made  in  1970  post-Apollo  to  refocus  our  ef- 
forts in  the  near  Earth  orbit  environment  as  far  as  manned  space 
flight  is  concerned  was  the  right  decision  at  that  time  and  we 
ought  to  complete  that. 

We  have  only  done  half  of  that:  Built  the  space  shuttle.  The 
other  half  is  to  build  the  space  station  and  devote  our  activities 
around  the  Earth,  understanding  how  to  use  this  near  Earth  envi- 
ronment. 

The  unmanned  program  certainly  ought  to  reach  out  and  be 
more  outward  going  in  its  exploration.  I  feel  strongly  that  there 
are  going  to  be  some  very  significant  payoffs  commercially  in  the 
near  space  environment. 

They  are  probably  not  going  to  come  as  quickly  as  some  would 
hope,  but  I  think  they  will  come  quicker  than  others  might  say.  I 
think  there  arp  'Exciting  pharmaceutical  type  items  that  can  be 
manufactured  tii^re  better  than  ot'i er  places  that  we  will  capitalize 
on. 

So,  I  think  '  he  thrust  of  shifting  our  manned  space  flight  back  to 
the  near  Earth  orbit,  using  something  like  the  shuttle,  which  we 
have  now  built,  to  get  back  flying  and  learn  to  use  safely  and  effec- 
tively— I  think  we  need  to  bring  an  unmanned  fleet  on  line  to  help 
with  some  of  the  launches  that  you  shouldn't  use  the  shuttle  for, 
and  I  think  we  ought  to  go  forward  with  the  space  station. 

That  is  a  near-term  answer.  It  is  clear  that  the  problems  we  face 
as  a  nation  is  how  to  bring  it  on. 

Are  you  really  going  to  put  $400  million  in  the  budget  this  year 
and  make  sure  it  sticks  there  and  have  NASA  and  industry  do  the 
space  station,  or  are  we  going  to  talk  about  it  another  year? 

We  have  been  talking  about  it  25  years.  The  near  Earth  orbit,  I 
think,  is  well  established. 

In  the  longer  term,  we  did  nothing  more  than  touch  the  Moon 
with  our  manned  programs.  I  think  we  will  probably,  at  some  time 
in  the  future,  go  back  there,  analogous  to  what  we  are  doing  in 
Antarctica  and  the  early  explorers  that  went  to  Antarctica.  You 
put  it  to  work  as  an  observatory  or  more  permanent  research  facili- 

ty. 

Manned  trips  to  the  planets  are  probably  somewhat  further  out 
than  maybe  the  visionaries  would  hope,  but  they  will  come  in  time. 

But  I  think  the  real  task  at  hand  is  get  the  orbiter  operating 
again,  get  the  shuttle  operating  again,  get  a  suitable  fleet  size,  get 
the  space  station  going,  get  the  unmanned  vehicle  and  get  that 
part  of  the  program  healthy. 

Mr.  LuNNEY.  Bob  has  touched  on  them  all.  I  would  underline  in 
the  near  term  getting  on  with  the  orbiter  replacement  and  aug- 
menting that  with  the  necessary  amount  of  ELV's  so  that  the  bal- 
ance can  be  made  in  the  future  the  way  it  should,  and  the  country 
can  get  on  with  the  space  station. 

I  would  caution,  we  ought  to  be  careful  with  the  space  station  in 
the  sense  that  we  try  to  not  to  make  it  do  all  things  for  all  people. 
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because  we  have  learned  that  that  gets  to  be  kind  of  complicated, 
expensive,  consumes  a  lot  of  money,  et  cetera,  but  that  it  serves  the 
purposes  we  have  for  continuing  our  exploration,  continuing  in  the 
sense  of  setting  up  a  base  at  high  altitudes  that  we  can  go  to  the 
next  base  from. 

After  the  space  station  and  after  we  have  become  very  good  at 
navigating  and  flying  in  the  oceans  around  our  planet,  we  will 
probably  go  back  to  the  Moon  with  a  more  long-term  stay  and  on 
into  the  future  to  the  planets,  but  I  agree  that  is  out  a  ways. 

So,  I  would  see  that  as  firmly  based  as  possible  and  that  is  why  I 
include  other  launch  vehicles. 

The  country  should  get  itself  back  into  space  and  get  a  good, 
solid,  near-term  space  activity  going  involving  the  space  station 
that  is  sized  to  do  jobs  that  we  can  reasonably  afford  to  pay  for  and 
get  on  with  it. 

I  believe,  also,  something  that  we  haven't  mentioned  here  today 
may  come  about — that  some  requirement  may  evolve,  some  nation- 
al requirement,  perhaps  from  General  Abrahamson's  work,  that 
would  require  a  larger  lift  vehicle  than  we  have  today  in  the  inven- 
tory, and  I  think  we  should  remain  sensitive  to  that  possibility  and 
watch  for  the  future  need  for  that  kind  of  a  requirement  and  be 
sure  we  are  ready  to  move  in  the  proper  direction  at  the  proper 
time. 

I,  personally,  don't  know  what  that  is  yet,  and  I  don't  know  that 
anybody  else  does,  but  that  is  likely  to  be  coming  on  our  horizon  in 
the  near  future. 

Mr.  Aldrich.  I  mostly  thought  about  the  shuttle  the  last  few 
months;  however,  it  occurs  to  me  that  the  shuttle  and  the  station 
together— and,  again,  that  is  near  term,  as  Mr.  Thompson  charac- 
terized it.  The  shuttle  and  the  station  together  really  make  a  single 
system  for  achieving  our  manned  objectives  in  space  in  terms  of  ac- 
tivities and  customers  and  the  total  transportation  kind  of  capabil- 
ity to  lead  to  the  steps  beyond  in  the  future. 

And  I  viewed  it  that  way  for  some  time,  as  a  complementary  and 
coupled  system  when  the  station  is  also  in  operation.  That  was  my 
comment  earlier,  that  I  think  to  have  a  system  like  that  and  to 
support  it  you  need  a  fleet  of  at  least  four  orbiters  to  do  it  in  a 
positive  and  satisfactory  way. 

And  I  also  agree  with  Dr.  Lunney— for  a  long  time  I  have  viewed 
a  complementary  need  for  unmanned  capability  to  do  some  of  the 
truck  work  to  support  such  an  elaborate  system  and  yet  be  a  bal- 
ance for  it. 

That  would  be  my  view  of  the  future.  I  realize  it  doesn't  take  it 
far  downstream,  but  it  gives  us  plenty  to  work  toward,  and  I  be- 
lieve it  will  be  a  closely  coupled  interactive  set  of  abilities  to  pro- 
vide support  for  a  wide  range  of  objectives. 

Mr.  Roe.  Thank  you  very  much.  Your  testimony  has  been  a  big 
help  to  us,  and  we  appreciate  your  taking  your  time  in  helping  us 
with  some  of  your  thoughts  and  ideas. 
The  committee  will  stand  adjourned. 

[Whereupon,  at  3:10,  the  committee  adjourned  subject  to  the  call 
of  the  Chair.] 
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Mr.  Robert  C.  Ketcham 
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U.S.  House  of  Representative 

Committee    on    Science   and  Technology 

Suite    2321    Rayburn    House    Office    Building 

Washington,    DC    20615-6301 

Dear   Mr.    Ketcham: 


Our    response    to   your    letter    of   August   8,    1986 
containing   additional    questions    for    Rockwell 
International,    pertaining    to    the    Cdnmi  ttee  '  s    hearings 
on    the    Challenger    Accident    Investigation,    is   attached, 

The    answers   are    presented,    as    the    questions    were 
organized,    for    the    Space    Shuttle    Orbiter    Prograni   and 
the    SSME    program. 

We    will    be   happy    to    provide   additional    information    or 
clarification    as   you    desire. 


erel y , 
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SPACE  SHUTTLE  ORB  ITER  PROGRAM 


QUESTION 

When  operating  problems  have  occurred  with  your  flight 
hardware,  has  NASA  encouraged  you  to  fix  the  problem  as 
quickly  as  possible  or  has  NASA  been  stingy  with  its 
personnel  and  resources  in  responding  to  the  problem,  thus 
delaying  a  fix  due  to  money  or  schedule? 

ANSWER 

When  problems  occur  with  flight  hardware,  NASA  supports  us 
and  works  with  us  during  all  phases  of  the  investigation. 
The  first  step  we  take  is  to  ascertain  the  nature  of  the 
failure  through  analysis  and  test.   We  establish  whether 
it  is  a  generic  failure  affecting  all  similar  components 
in  the  fleet  or  a  problem  specific  to  the  failed  unit 
itself.   Generic  problems  are  immediately  addressed  and 
remedied  before  the  next  flight,  as  is  any 
safety-of-f light  problem. 

NASA  has  been  responsive  in  providing  the  resources  needed 
for  such  activities.   Unique  hardware  failures  are 
corrected  on  a  schedule  consistent  with  the  need  to 
restore  the  unit  to  a  serviceable  condition  for  its  next 
flight.   Although  limited  logistics  funding  has  delayed 
failure  analyses  and  repair  processing  of  some 
non-critical  hardware,  flight  schedules  were  supported. 

In  summary,  NASA  has  always  supported  a  thorough  and 
timely  investigation  of  all  hardware  problems.   Generic 
problems  have  been  remedied  before  the  next  flight. 
However,  some  repair  deferments,  as  well  as  implementation 
schedules  for  design  enhancements,  have  been  influenced  by 
funding  limitations. 


2a.   QUESTION 


Are  you  aware  of  specific  launch  criteria  which,  if 
exceeded  or  not  met,  would  automatically  delay  a  launch? 
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ANSWER 

Yes.   Launch  criteria  are  established  in  a  document 
approved  by  the  Shuttle  program,  entitled  Launch  Commit 
Criteria  (LCC) .   The  Launch  Commit  Criteria  Document  (JSC 
16007)  is  a  collection  of  criteria  to  be  met  by  the  flight 
vehicle  and  critical  ground  support  equipment  prior  to 
launch.   Approximately  2,000  parameters  must  be  monitored 
for  redline  exceedance  during  the  time  periods  specified 
in  the  document.   In  addition  to  flight  systems  parameter 
monitoring  requirements,  the  document  specifies  launch 
restrictions,  weather  requirements,  and  external  tank 
icing  criteria.   This  document  is  the  combined  product  of 
parameters  established  by  NASA  and  its  contractors. 

The  stated  purpose  of  the  LCC  is  to  document  preplanned 
decisions,  which  are  designed  to  minimize  the  amount  of 
real-time  assessments  required  when  off-nominal  situations 
occur.   A  deviation  from  the  limits  established  by  the 
criteria  is  a  constraint  to  launch. 

Some  launch  commit  criteria  are  computer  controlled  and 
will  automatically  halt  the  countdown,  requiring 
modification  of  computer  programming  before  countdown  can 
continue.   Other  LCC  parameters  are  monitored  by  launch 
team  personnel.   In  addition  to  the  Shuttle  launch  commit 
criteria,  each  mission  may  also  have  unique  payload  launch 
criteria  that  must  be  met. 

2b.   QUESTION 

How  often  have  you  observed  or  know  about  instances  in 
which  NASA  waived  such  criteria? 

ANSWER 

Approximately  2,000  preapproved  Launch  Commit  Criteria 
Document  parameters  are  assessed  during  each  countdown. 
As  the  orbiter  element  contractor,  we  are  aware  of 
instances  in  which  one  or  more  parameters  were  waived  in 
real  time  during  the  launch  countdown.   The  term  "waived" 
as  applied  to  launch  commit  criteria  means  the  requirement 
was  exceeded  to  some  extent,  but  was  acceptable  for 
launch.   Such  exceedances  are  approved  by  the  appropriate 
NASA  and  contractor  management  and  engineering  personnel 
after  thorough  discussions  and  consultations  to  ensure 
that  flight  safety  is  not  affected.   These  approvals  are 
made  by  the  same  levels  of  personnel  that  approved  the 
original  criteria.   In  the  process  of  approving  a  waiver 
of  a  subsystem  launch  commit  criteria  exceedance,  the 
subsystem  performance  is  analyzed  to  ensure  proper  and 
satisfactory  operation  of  the  subsystem. 


2c. 
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e,  during  the  STS-61C  countdown,  a  temperature 
the  hydraulic  system  No.  1  water-boiler 

duct  indicated  1220f.   The  launch  commit 
for  this  sensor  is  130°?  minimum.   The  purpose 

is  to  establish  the  function  of  heaters  in  the 
that  prevent  steam  from  condensing  and  freezing 

It  was  determined  that  rainwater,  which  had 
in  the  vent  duct  at  the  location  of  the  sensor, 
the  temperature  from  reaching  the  130°? 
Since  the  function  of  the  heaters  was  known  to 
he  launch  commit  criterion  was  waived. 


Is  the  waiving  of  launch  criteria  comnionplace--the  rule 
rather  than  the  exception? 

AMSWER 

The  waiving  of  launch  commit  cri'.eria  is  the  exception, 
not  the  rule.   Very  few  waivers  occur  in  relation  to  the 
large  number  of  parameters  in  effect  for  a  launch.   It  is 
our  general  observation  that  the  number  of  waivers  has 
been  declining  as  the  program  matures. 

QUESTION 

What  is  your  opinion  of  NASA's  SRS.QA  performance? 


For  exampl 

sensor  in 

steam-vent 

criterion 

of  the  LCC 

vent  duct 

in  orbit. 

col lected 

prevented 

redline . 

be  good,  t 

QUESTION 

ANSWER 

Our  association  with  the  NASA  JSC  SRS.QA  Division  is  a 
close  working  relationship  that  began  during  the  Apollo 
program.   From  that  time  through  the  present  Shuttle 
program,  our  management  and  technical  staffs  have  worked 
as  a  team  to  ensure  that  our  hardware  design,  fabrication, 
and  testing  comply  with  NASA  requirements. 

Reliabi lity .   The  orbiter  reliability  program  conducted  by 
Rockwell  and  the  NASA  JSC  SR&QA  Office  has  been  managed 
within  a  very  strict  framework.   The  effective  reliability 
design  tools  and  disciplined  approach  that  have  evolved 
over  the  past  25  years  have  contributed  significantly  to 
the  success  of  the  space  program. 

The  technology  developed  for  the  orbiter  failure  mode  and 
effects  analysis  (FMEA)  process  is  probably  the  most 
advanced  and  comprehensive  in  the  industry.   It  identifies 
hardware  and  functional  criticalities ,  emphasizing  the 
elimination  or  control  of  critical  functions.   The 
residual  critical  issues  have  been  summarized  in  a 
Critical  Items  List  (CIL) . 
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The  orbiter  failure  reporting  and  corrective  action  system 
has  been  a  very  effective  engineering  tool.   The  failure 
reports  require  a  detailed  failure  analysis  and  a 
corrective  action  response.   We  consider  the  reliability 
effort  an  effective  closed-loop  system  providing  valuable 
support  to  the  program. 

Safety.   Rockwell's  working  relationship  with  NASA  JSC 
SRS.QA  safety  personnel  leads  to  quick  notification  and 
consideration  of  emerging  safety  issues.   We  consider  the 
formal  safety  review  processes--such  as  the  Systems  Safety 
Subpanel,  the  Payload  Safety  Review  Panels,  and  the  Senior 
Safety  Review  Board--appropr iate  and  effective  in 
accomplishing  their  respective  goals. 

Quality  Assurance.   The  NASA  JSC  quality  assurance 
organization  has  been  effective  throughout  the  entire 
sequence  of  operations  in  the  orbiter  program.   This 
involvement  encompasses  hardware  design  reviews, 
subcontractor  selection,  and  manufacturing  process  control 
planning.   Upon  delivery  of  each  vehicle,  Rockwell  and 
NASA  JSC  quality  assurance  personnel  work  together  to 
verify  that  the  vehicle  and  its  systems  meet  design 
requi  rements . 

4a.   QUESTION 

Are  there  any  elements  of  your  flight  hardware  that 
particularly  concern  you  at  this  time? 

b.  What  are  they? 

c.  Why  do  they  concern  you? 

d.  What  should  be  done  to  address  these  concerns? 
ANSWER 

All  elements  of  our  hardware  concern  us.   As  with  any 
flight  vehicle,  hardware  maintenance,  checkout,  processing 
operations,  inspections,  modifications,  and  overall 
logistics  support  operations  are  critical  areas  that  must 
be  properly  administered  and  controlled.   We  are 
constantly  on  the  watch  for  tell-tale  signs  that  the 
hardware  elements  are  not  performing  up  to  expectations. 
At  this  time,  all  known  critical  hardware  concerns  are 
being  actively  pursued  in  accordance  with  NASA  direction. 
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Rockwell  is  concerned  with  the  turnaround  processing  of 
the  orbiter  hardware  and  accountability  for  its 
performance.   Although  Rockwell  designed,  developed,  and 
certified  the  orbiter  vehicle  and  its  subsystems,  the 
Shuttle  processing  contractor  (SPC)  performs  the  flight 
turnaround  operations,  which  interrupts  the  hardware 
accountability  sequence.   Rockwell  believes  that  the 
element  contractor  should  have  end-to-end  responsibility. 

5a.   QUESTION 

Are  there  any  particular  tests  that  should  be  run  on  your 
flight  hardware  that  have  not  been  run  in  the  past? 

b.  Why  should  these  tests  be  conducted? 

c.  Why  have  they  not  been  conducted  in  the  past? 

d.  How  long  would  it  take  and  how  much  would  it  cost  to 
conduct  these  tests? 

ANSWER 

The  technical  communities  within  Rockwell  and  NASA  JSC  are 
continuously  defining,  refining,  and  implementing  tests 
for  avionics  and  system  hardware.   These  tests  are 
conducted  to  provide  additional  confidence  in  system 
hardware,  to  verify  software  changes,  or  generally  to 
increase  the  existing  data  bases.   With  one  exception,  all 
identified  critical  tests  have  been  implemented  by  NASA. 

The  exception  is  our  recommendation  for  flammability 
testing  of  crew  cabin  equipment  and  materials  for 
10.2  psia  cabin  pressure  conditions.   We  recommended  these 
tests  in  1980,  prior  to  the  decision  to  adopt  the 
10.2  psia  cabin  pressur i zat ion  used  to  enhance 
extravehicular  activity.   We  recommended  the  10.2  psia 
cabin  pressure  flammability  testing  because  the  oxygen 
concentration  was  estimated  to  be  30  to  33  percent  versus 
the  23.8  percent  concentration  at  the  previously  tested 
14.7  psi.   At  this  higher  oxygen  level,  the  crew  cabin 
equipment  and  materials  will  be  more  susceptible  to 
ignition  and  sustained  burning. 

We  considered  such  testing  mandatory  to  meet  the 
specification  requirements  imposed  upon  us.   NASA 
disagreed  and  provided  a  waiver  to  the  specification 
requirement.   The  NASA  position  was  that  the  existing  body 
of  test  data  was  adequate  for  extrapolation  to  the 
30  percent  oxygen  concentration  level.   Confident  that 
additional  tests  were  not  necessary,  NASA  waived  that 
portion  of  our  specification  requirements. 
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Rockwell  is  still  concerned  about  the  lack  of  test 
confirmation  of  the  10.2-psia  cabin  pressure  flammability 
limits.   We  have  taken  exception  on  our  flight  readiness 
statements  to  the  use  of  reduced  cabin  pressure 
environment  and  we  have  again  recommended  to  NASA  JSC  that 
such  tests  should  be  performed.   The  cost  of  such 
evaluations  would  be  roughly  $2  million  and  1.5  years  of 
schedule  time. 

Since  the  STS-51L  accident,  numerous  design  studies  and 
reviews  have  been  initiated  that  may  identify  additional 
test  requirements.   These  new  test  requirements  would  be 
addressed  through  the  formal  change  review  system  for 
approval  and  implementation. 

QUESTION 

Have  your  companies  ever  had  disagreements  with  NASA  over 
design  specifications?   If  so,  were  they  resolved?   Do  you 
have  any  outstanding  disputes? 

ANSWER 

There  have  been  disagreements.   Design  requirements  evolve 
from  initial  requirements  through  conceptual  developments, 
engineering  analyses,  tests,  and  other  programmatic 
factors.   This  process  causes  changes  in  specifications 
that  control  design,  processes,  materials,  environments, 
performance,  and  other  parameters.   Often  there  are 
differences  in  interpretation  and  approach  between  the 
NASA  and  contractor  engineering  communities.   However, 
procedures  and  systems  are  in  place  to  resolve  these 
differences  mutually  and  set  final  program  requirements. 
The  program  uses  Technical  Status  Reviews  (TSR's), 
Avionics  Status  Reviews  (ASR's),  Preliminary  Design 
Reviews  (PDR's),  Critical  Design  Reviews  (CDR's),  Design 
Certification  Reviews  (DCR's),  and  numerous  special 
meetings  of  NASA  and  Rockwell  management  to  review  issues 
and  concerns  about  any  design  drawing  or  specification. 

The  product  of  these  reviews  is  the  assignment  of  actions 
to  reach  resolution  and  final  approval  of  the  design. 
Beyond  the  initial  design  phase,  design  changes  and 
modifications  are  processed  in  essentially  the  same 
manner.   Changes  are  reviewed  at  a  TSR  or  ASR  and  the 
Change  Control  Board  (CCB)  for  approval.   Any  outstanding 
design  dispute  is  tracked  as  an  open  action  until  it  is 
resolved  by  Rockwell  and  NASA  management.   There  are  no 
outstanding  disputes  between  NASA  and  Rockwell  regarding 
interpretation  of  design  specifications. 


293 


7a.   QUESTION 


Which  elements  of  your  flight  hardware  have  exhibited 
serious  anomalous  behavior  in  past  flights? 

ANSWER 

Orbiter  flight-critical  hardware  that  exhibited  serious 
anomalous  behavior  in  past  flights  is  listed  below: 

STS-1     Support  strut  collapse--f orward  RCS  oxidizer 
tank 

STS-2     Fuel  cell  shutdown 

STS-4      17-inch  orbiter  external  tank  disconnect 

flow  liner  collapse 
STS-9      APU  injector  failure 

STS-51D   Thermal  protection  burn-through--elevon  cove 

In  addition  to  above-noted  problems,  anomalies  that 
required  rework  or  hardware  replacement  have  occurred  with 
the  brakes  and  other  elements  of  the  thermal  protection 
system  (TPS) . 

7b.   QUESTION 

Which  of  these  hardware  elements  are  categorized  as 
Criticality  1? 

ANSWER 

All  of  the  above  hardware  elements  are  Criticality  1. 

7c.   QUESTION 

Prior  to  the  Challenger  accident,  what  was  being  done  to 
resolve  these  operating  problems? 

ANSWER 

The  five  noted  serious  anomalies  were  resolved  before  the 
next  flight.   The  redesign  of  the  brakes  and  TPS  was  under 
way  at  the  time  of  the  accident. 

7d.   QUESTION 

If  not  yet  fully  resolved,  what  should  be  done  now  to 
address  these  problem  areas? 
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ANSWER 

These  problems  are  either  resolved  or  in  work  to  be 
resolved. 


8a.   QUESTION 


Based  on  your  observations  of  the  data  and  discussions 
with  the  Rogers  Commission,  if  you  had  any,  to  what  extent 
do  you  agree  or  disagree  with  the  observation  of  Commander 
Stafford? 

ANSWER 

Rockwell  did  not  have  an  opportunity  to  review  these  data 
or  discuss  the  information  with  members  of  the 
commission.   Therefore,  we  decline  to  speculate  on 
Commander  Stafford's  observations. 


8b.   QUESTION 


In  the  redesign  efforts  that  are  going  on  relating  to  the 
orbiter  and  evaluations  of  crew  escape  technologies,  what 
types  of  crew  escape  mechanisms  could  be  implemented  in 
the  crew  cabin?   Are  you  evaluating  such  escape  mechanisms 
and  are  you  evaluating  the  possibility  of  retaining 
pressure  in  the  cabin  should  a  disintegration  of  the 
Shuttle  similar  to  what  happened  to  the  Challenger  reoccur 
in  future  flights? 

ANSWER 

Rockwell  is  currently  studying  several  different 
approaches  for  bail-out  emergency  egress  in  accordance 
with  NASA  direction: 

Ejection  seats  on  the  flight  deck 

Tractor  rockets  on  the  flight  deck 

Tractor  rockets  through  the  side  hatch 

Bail-out  through  the  airlock  and  mid  fuselage 

We  plan  to  present  the  results  of  these  studies  to  NASA 
JSC  in  September  1986.   We  have  not  been  directed  to 
evaluate  approaches  to  retain  cabin  pressure  under  vehicle 
conditions  similar  to  51L.  ^«/e  are  also  evaluating 
existing  and  potential  contingency  abort  techniques. 
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9.  QUESTION 

At  the  June  25th  hearing,  John  Young  noted  that  although 
the  existing  brake  system  was  rated  for  55  million 
foot-pounds,  it  had  failed  at  36  million  foot-pounds  on 
one  of  the  Shuttle  flights.   What  in  the  redesign  of  the 
system  will  prevent  a  recurrence  of  such  a  failure  at 
levels  significantly  below  the  rated  maximum  loads? 

ANSWER 

Neither  development  nor  qualification  testing  of  the  main 
landing  gear  bakes  revealed  the  problem  of  high-energy 
stator  damage.   Ground  testing  certified  the  brake  for  55 
million  foot-pounds  of  energy  absorption.   However,  stator 
damage  has  occurred  during  landings  at  levels  of  36  and  41 
million  foot-pounds.   Later  tests  showed  that  varying  the 
brake  energy  input  rate  has  a  very  significant  impact  on 
bake  perf  orm.ance . 

Therefore,  NASA  has  authorized  a  more  extensive  test 
program  for  both  the  improved  "thick  stator"  brake  and  the 
new  structural  carbon  brake.   Instead  of  using  a  single 
energy-rate  input  and  a  single  test  specimen  as  in  the 
original  tests,  various  landing  brake  profiles  will  be 
used  with  varying  energy-rate  inputs.   Several  brake 
specimens  will  be  tested  under  these  conditions.   Testing 
under  such  realistic  and  varied  conditions  will  provide 
confidence  that  the  ground  tests  encompass  the  real 
vehicle  landing  conditions. 

10.  QUESTION 

What  does  your  independent  review  of  the  external  tank 
entai 1? 

ANSWER 

Rockwell  has  been  directed  by  NASA  Marshall  Space  Flight 
Center  (MSEC)  to  perform  an  independent  review  of  the 
external  tank  (ET)  Critical  Items  List  (CIL) .   Included  in 
the  products  of  the  review  will  be  a  Rockwell-generated 
failure  modes  and  effects  analysis  (FMEA)  and  a  CIL  for 
the  ET.   Rockwell  is  employing  a  "bottoms  up"  approach  to 
the  FMEA.   ET  drawings  (Martin-Marietta  and  vendor)  are 
being  audited  at  the  detail  part  level  to  identify 
credible  failure  modes.   An  FMEA  form  will  be  completed 
for  each  failure  mode  identified.   In  addition  to  the 
description  of  the  failure  mode,  the  FMEA  will  contain 
information  about  possible  causes  of  the  failure  and  the 
potential  effects  of  the  failure  upon  the  Shuttle  system 
for  each  of  the  following  mission  phases:   (1)  propellant 
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loading  to  lift-off,  (2)  lift-off  to  ET  separation,  and 
(3)  ET  separation  to  splashdown.   Depending  upon  the 
effect  of  the  failure,  a  criticality  category  will  be 
assigned  to  each  part,  by  failure  mode,  appearing  in  the 
FMEA.   All  parts  whose  failure  effects  could  possibly 
result  in  the  loss  of  vehicle,  life,  or  mission  must 
appear  in  the  CIL. 

The  CIL  contains  information  regarding  failure  modes, 
effects,  and  causes  summarized  from  the  FMEA.   It  also 
contains  the  results  of  redundancy  screens,  as 
appropriate,  and  the  rationale  for  retaining  the  part  as  a 
critical  item.   This  retention  rationale,  in  effect  the 
heart  of  the  CIL,  is  subdivided  into  three  categories: 
design,  test,  and  inspection.   Justification  for  retaining 
a  part  as  a  critical  item  should  be  based  upon  sound 
design  logic  that  provides  adequate  safety  margin, 
qualification/certification  test  program  results  and 
acceptance  test  procedures,  and  inspection  specifications 
to  determine  the  part's  state  of  health  as  close  as 
possible  to  the  time  of  launch  commitment.   The  CIL  also 
describes  the  failure  history  and  other  experience 
regarding  past  performance  of  the  part. 

Rockwell's  independent  review  of  the  ET  CIL  is  being 
conducted  by  Rockwell  personnel  working  in  specialized 
teams  organized  along  the  lines  of  the  specific  ET  system 
under  review  (e.g.,  electrical,  mechanical/propulsion, 
etc.).   The  teams  are  staffed  by  experienced  Rockwell 
engineering  personnel  selected  for  their  specialized 
technical  expertise  in  performing  the  team's  functions. 
In  addition,  team  membership  includes  at  least  one 
Rockwell  reliability  engineer.   Team  technical  supervision 
is  provided  exclusively  by  established  Rockwell  functional 
and  project  organizations.   Team  outputs  (FMEA  and  CIL) 
will  be  reviewed  by  responsible  Rockwell  management  prior 
to  dissemination  to  NASA  to  ensure  strict  adherence  to 
Rockwell's  design  standards  and  processes. 

Rockwell's  responsibilities  as  an  independent  contractor 
reviewer  also  entail  a  critique  of  Martin-Marietta's 
updated  FMEA  and  CIL  documents,  which  are  being  prepared 
concurrently  with  Rockwell's  schedule.   Any  disagreements 
in  conclusions  by  Martin  and  Rockwell  will  be  addressed 
and  resolved  by  a  review  board  chaired  by  the  MSEC  Shuttle 
Project  Manager. 

11.   Question  11  is  not  a  Rockwell  activity;  therefore,  no 
answer  is  supplied. 
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SSME  PROGRAM 


QUESTION 

When  operating  problems  have  occurred  with  your  flight 
hardware,  has  NASA  encouraged  you  to  fix  the  problem  as 
quickly  as  possible  or  has  NASA  been  stingy  with  its 
personnel  and  resources  in  responding  to  the  problem,  thus 
delaying  a  fix  due  to  money  or  schedule? 

ANSWER 

NASA  has  provided  timely  support  both  in  the  analysis  of 
ground  test  and  flight  data  to  provide  early  problem 
recognition,  and  in  the  solution  and  correction  of 
problems  identified.   NASA  and  Rocketdyne  use  essentially 
parallel  analytical  techniques  and  capabilities  in 
evaluating  all  test  data  and  hardware  following  each 
flight  and  ground  test.   This  has  provided  a  redundant 
system  minimizing  the  likelihood  of  overlooking  an 
anomalous  condition  indicative  of  a  real,  or  potential 
problem. 

Once  a  problem  has  been  identified,  an  extensive  program 
is  undertaken  to  understand  the  source  and  nature  of  the 
problem.   This  traditionally  has  been  performed  in 
accordance  with  a  detailed  plan,  formulated  and  concurred 
in  jointly  by  Rocketdyne  and  NASA.   In  numerous  cases, 
NASA  resources,  in  terms  of  test  facilities  and  technical 
personnel,  have  been  used  to  augment  the  Rocketdyne  effort. 

First  priority  is  given  to  determining  applicability  of  a 
problem  to  flight  engines.   Unless  it  can  be  shown 
positively  that  flight  units  cannot  be  affected,  the 
problem  is  addressed  as  a  flight  issue,  requiring 
resolution  prior  to  the  next  flight. 

Long  range  design  improvements  to  improve  the  overall 
operating  margin  of  the  engine  and,  thus,  prevent  future 
problems,  have  been  impacted  by  schedule  and  budgetary 
considerations . 

In  summary,  NASA  has  supported  and  encouraged  the  prompt 
solution  of  immediate  hardware  problems.   Those 
representing  a  potential  flight  risk  or  impact  have  been 
remedied  promptly  and  effectively.   Longer  range 
improvements  have  been  proposed,  and  pursued  within 
funding  limitations. 
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2.    QUESTION 


Why  don't  you  test  an  SSME  to  destruction?   Do  you  think 
that  you  should?  Why  or  why  not? 

ANSWER 

The  SSME  has  been  tested  several  times  to  failure,  finding 
problems  with  the  design  while  developing  and  certifying 
the  engine  for  flight.   The  main  combustion  chamber  outlet 
failure  on  Engine  2308  is  a  typical  example.   It  failed  at 
20,000  seconds  (40  equivalent  missions)  due  to  high  cycle 
fatigue  life  problem. 

Should  we  intentionally  push  the  power  level  up  until  it 
fails?   We  don't  think  so;  the  cost  (  $50M)  of  destroying 
an  engine  or  engines  would  far  outweigh  the  value  of 
failure.   There  is  also  a  good  possibility  you  may  not 
know  what  failed  because  of  the  damage. 


3 .    QUESTION 


Do  you  feel  the  fleet  leader  concept  with  just  a  couple  of 
test  engines  provides  an  adequate  data  base  to  accurately 
predict  the  performance  capabilities  of  the  SSMEs? 

ANSWER 

The  "Fleet  Leader"  program  requires  that  two  ground  test 
engines,  representative  of  the  flight  engines  in  use, 
maintain  at  all  times,  an  accumulated  total  test  exposure 
equal  to,  or  greater  than  twice  the  maximum  accumulated 
flight  exposure  on  a  flight  engine.   The  policy  has 
recently  been  amended  to  require  that  the  test  factor  of 
two  be  achieved  at  least  two  years  in  advance  on  the 
ground  test  engines. 

The  purpose  of  the  Fleet  Leader  program  is  to  identify 
life-limiting  problems  prior  to  the  occurrence  on  a  flight 
engine,  and  sufficiently  early  to  permit  correction 
without  impact  to  the  flight  program.   A  sample  of  two 
engines  was  selected  to  provide  contingency  in  the  event 
one  engine  were  lost  or  damaged  in  test,  and  in 
consideration  of  part-to-part  variations. 

In  addition  to  the  Fleet  Leader  program,  other  facets  of 
the  test  program  provide  assurance  of  flight  engine 
reliability.   The  development  and  certification  programs 
include  limits,  overstress,  and  malfunction-type  testing 
designed  to  demonstrate  acceptable  performance,  and  to 
insure  against  the  presence  of  infant-mortality  failures. 
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In  summary,  the  Fleet  Leader  concept,  together  with  the 
development,  certification,  and  acceptance  test  programs, 
represents  an  extensive  data  base  upon  which  to  base  the 
predicted  performance  and  reliability  of  the  flight 
engines . 

4.  QUESTION 

What  is  being  done  about  turbine  blade  cracking  problems? 

ANSWER 

Fixes  to  the  existing  di rect iona lly-sol idi f i ed  nickel  base 
superalloy  turbine  blades,  have  been  identified  for  the 
cracking  problems  and  will  be  incorporated  into  the  SSMEs 
before  the  next  flight.   The  high  pressure  LOX  pump  fix  is 
already  in  test  and  the  high  pressure  fuel  pump  blade 
fixes  will  be  into  test  in  approximately  two  months. 
Blades  with  new  material,  single  crystal  PS.W  1480,  are 
being  developed  and  certified  for  both  pumps  to  be 
incorporated  into  the  fleet  at  a  later  time. 

5.  QUESTION 

How  safe  is  the  SSME  to  operate  at  104  percent  of  rated 
thrust?   At  109  percent  of  rated  thrust? 

ANSWER 

The  engine  is  safe  and  very  reliable  at  104  percent  of 
rated  thrust.   The  SSME  has  269,767  seconds  of  accumulated 
testing  of  which  109,784  seconds  are  at  104  percent  or 
higher,  with  58,184  seconds  at  109  percent  or  higher.   The 
engine  has  reduced  operating  margin  and  requires  increased 
maintenance  at  109  percent  of  rated  power  level. 
Improvements  (Phase  II)  to  the  engine  have  been  developed 
to  increase  operating  margin  at  109  percent  operation. 
Additional  improvements  are  being  ground  tested  to  provide 
more  margin  and  improved  maintainability  at  the  higher 
power  levels.   These  changes  will  be  certified  and 
incorporated  into  the  flight  engines  before  the  first  109 
percent  flight. 

6.  QUESTION 

Are  you  aware  of  specific  launch  criteria  which,  if 
exceeded  or  not  met,  would  automatically  delay  a  launch? 
How  often  have  you  observed  or  know  about  instances  in 
which  NASA  waived  such  criteria?   Is  the  waiving  of  launch 
criteria  commonplace  --  the  rule  rather  than  the  exception? 
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ANSWER 

Yes.   The  Launch  Commit  Criteria  (LCC)  document  JSC  16007 
establishes  all  launch  commit  criteria  to  be  met  by  the 
flight  hardware  and  critical  ground  support  equipment 
prior  to  launch.   Approximately  2000  parameters  must  be 
monitored  for  redline  exceedance  during  the  time  periods 
specified  in  the  document.   The  SSME  has  45  LCC  items  per 
eng  ine . 

The  stated  purpose  of  the  LCC  is  to  document  pre-planned 
decisions,  which  are  designed  to  minimize  the  amount  of 
real  time  assessments  required  when  off  nominal  situations 
occur.   A  deviation  from  the  limits  established  by  the  LCC 
document  is  a  constraint  to  launch. 

In  addition  to  the  LCC  document,  Rocketdyne  has  developed 
a  flight  operations  handbook  to  be  used  by  the  launch  team 
to  augment  the  official  LCC  document. 

Launch  commit  criteria  are  computer  monitored  and  will 
automatically  halt  the  countdown,  requiring  computer 
commands  before  the  count  can  proceed.   Other  LCC 
parameters  are  monitored  by  launch  team  personnel. 

No  SSME  launch  commit  criteria  has  been  waived.   The 
waiving  of  launch  commit  criteria  is  the  exception,  not 
the  rule. 

QUESTION 

What  is  your  opinion  of  NASA's  SR&QA  performance? 

ANSWER 

NASA  SR&QA  personnel  associated  with  the  SSME,  including 
those  located  at  MSEC,  Canoga  Park,  and  NSTL,  have  a  very 
active  and  visible  role  in  the  program.   Their  activities 
and  involvement  cover  all  aspects  of  the  design,  build, 
test,  flights,  and  overhaul  of  the  main  engines. 

Aside  from  the  expected  differences  in  technical  content 
between  the  Safety,  Reliability  and  Quality  Assurance 
disciplines,  all  three  elements  have  a  similar 
relationship  with  their  Rocketdyne  counterparts.   First, 
the  NASA  personnel  act  as  a  check  and  balance 
independently  reviewing  the  actions,  outputs, 
recommendations  and  decisions  generated  by  Rocketdyne  in 
their  individual  areas  of  accountability.   Examples  are 
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NASA  SRS.QA  participation  in  SSME  flight  and  test  readiness 
reviews,  and  NASA  audits  of  the  quality  and  safety  systems 
at  Canoga  Park,  field  sites,  and  major  suppliers.   Second, 
the  NASA  personnel  manage  a  number  of  SRS.QA  activities 
that  require  direct  Rocketdyne  support.   Examples  are  the 
Problem  Assessment  System  and  the  Safety  Issue  Board. 

Finally,  NASA  and  Rocketdyne  SRS.QA  personnel  function 
effectively  as  a  team  to  develop  needed  initiatives. 
Examples  are  the  establishment  of  a  Software  Quality 
Assurance  function  and  the  development  of  Quality  data 
systems . 

Our  experience  has  been  that  the  NASA  SR&QA  function  has 
performed  effectively  in  the  activities  described. 

QUESTION 

a.  Are  there  any  elements  of  your  flight  hardware  that 
particularly  concern  you  at  this  point? 

b.  What  are  they? 

c.  Why  do  they  concern  you? 

d.  What  should  be  done  to  address  these  concerns? 
ANSWER 

Considering  the  complexity,  level  of  sophistication  of  the 
design,  and  the  high  thrust-to-weight  ratio  of  the  SSME, 
there  must  be  constant  concern  and  care  exercised.   Ground 
test,  certification,  and  field  operations  are  monitored 
continuously  to  detect  any  anomaly  indicative  of  a  failure 
potential . 

The  engine  has  demonstrated  excellent  reliability  in 
operation  at  100  percent  and  104  percent  of  rated  power 
level.   Although  frequent  maintenance  on  the  high  pressure 
turbopumps  has  been  necessary,  prescribed  limits  and 
inspections  have  maintained  this  record.   Incorporation  of 
the  Phase  II  turbopumps  for  the  next  flight  will  reduce 
the  maintenance  activities  and  provide  greater  margin. 

It  is  considered  that  additional  design  improvements 
should  be  incorporated  to  the  turbine  blades  and  bearings 
to  maintain  the  same  margin  and  reliability  prior  to  the 
commencement  of  flights  at  109  percent  of  rated  power.   A 
program  to  develop  and  certify  these  improvements  is  now 
in  progress. 
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QUESTION 

a.  Are  there  any  particular  tests  that  should  be  run  on 
your  flight  hardware  that  have  not  been  run  in  the 
past? 

b.  Why  should  these  tests  be  conducted? 

c.  Why  have  they  not  been  conducted  in  the  past? 

d.  How  long  would  it  take  and  how  much  would  it  cost  to 
conduct  these  tests? 


Thrust  Margin  Testing  -  Although  previous  development  and 
certification  programs  involved  testing  to  111  percent  to 
demonstrate  margin  for  109  percent  operation,  future 
programs  will  include  a  greater  proportion  of  testing  at 
4%-5%  higher  than  the  intended  flight  level  to  demonstrate 
margin.   In  addition,  it  is  planned  to  include  operation 
at  a  power  level  in  excess  of  the  planned  flight  level, 
during  the  acceptance  test  of  each  flight  engine. 

Demonstration  of  Redlines  -  Insofar  as  it  is  practicable 
without  introducing  unreasonable  risk,  the  engine  will  be 
operated  with  selected  parameters  at  the  redline  value  to 
demonstrate  single  mission  capability. 

Test  of  Instrumented  Hardware  -  Extensive  use  was  made  of 
instrumented  turbopumps  during  the  Phase  II  development 
program.   This  provides  a  valuable  means  of  evaluating  the 
merits  of  a  change  in  a  minimal  number  of  tests.   Two 
instrumented  fuel  turbopumps  v«7ill  be  tested  in  the  near 
future  to  confirm  the  effectiveness  of  the  design 
corrections  to  prior  problems.   More  extensive  use  of 
instrumentation  can  confirm  analytical  models  and  quantity 
the  margins  and  capabilities  of  the  engine.   This  is 
increasingly  possible  in  view  of  the  improvement  in 
miniature  instrumentation  and  data  processing  techniques 
in  recent  years. 

The  testing  described  above  can  be  accomplished  within  the 
next  1?  to  18  months,  in  conjunction  with  the 
currently-planned  program. 
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10.   QUESTION 


Have  your  companies  ever  had  disagreements  with  NASA  over 
design  specifications?   If  so,  were  they  resolved?   Do  you 
have  any  outstanding  disputes? 

ANSWER 

Yes,  there  have  been  disagreements  with  NASA  over 
specification  requirements.   These  disagreements  were 
resolved  prior  to  the  shuttle  flight  program  by  technical 
interchange  meetings,  preliminary  design  reviews  (PDRs), 
critical  design  reviews  (CDRs) ,  and  design  certification 
reviews  (OCRs) . 

We  are  in  the  process  of  discussing  the  worst  case  heat 
load  for  engine  nozzle  during  re-entry  on  a  future  heavy 
weight  payload  mission.   This  disagreement  has  been 
resolved  between  MSEC  and  Rocketdyne,  and  documentation  to 
correct  the  ICD  has  been  issued  to  the  system  to  be 
approved  by  NASA  Level  II.   This  issue  is  not  critical  to 
the  Shuttle  operation,  but  requires  additional  maintenance 
to  be  performed  to  the  engine  nozzle  if  this  worst  case 
mission  was  to  be  flown  without  a  change  to  the  nozzle 
thermal  protection  system. 


11.   QUESTION 


a.  Which  elements  of  your  flight  hardware  have  exhibited 
serious  anomalous  behavior  in  past  flights? 

b.  Which  of  these  hardware  elements  are  categorized  as 
criticality  1? 

c.  Prior  to  the  Challenger  accident,  what  was  being  done 
to  resolve  these  operating  problems? 

d.  If  not  yet  fully  resolved,  what  should  be  done  now  to 
address  these  problem  areas? 

ANSWER 

a.   None  of  the  SSME  hardware  has  exhibited  serious 

anomalous  behavior  in  past  flights.   There  were  some 
life  problems  identified  in  ground  test. 
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Turbine  blade  failures  and  high  pressure  LOX  pump 
bearing  failures  are  categorized  as  criticality  1  but 
the  problems  encountered  to  date  were  cracking  and 
wear,  not  actual  failures.   Crack  size  and  ball  wear 
are  controlled  by  specification  and  usage  by  time  to 
assure  meeting  requirements. 

A  development  program  designated  Phase  II  was  ongoing 
prior  to  STS-51L  to  develop  and  certify  improvements 
to  the  high  pressure  fuel  pump  1st  and  2nd  stage 
blade,  the  high  pressure  LOX  pump  1st  stage  blade,  the 
high  pressure  LOX  pump  bearing  and  the  high  pressure 
LOX  pump  whirl.   All  but  the  two-piece  damper  fix  for 
the  high  pressure  LOX  pump  blade  were  successfully 
certified  at  109  percent  power  level.   The  LOX  blade 
fix  is  now  in  test.   Other  improvements  were  also 
being  evaluated  to  be  developed  and  certified 
subsequent  to  the  Phase  II  certification.   The  flight 
program  has  established  conservative  usage  limits  that 
were  formally  documented  and  being  adhered  to  while 
the  improvements  were  being  certified  for  flight. 

As  stated  above,  these  problems  were  being  addressed. 
We  are  attempting  to  accelerate  the  verification  and 
certification  of  the  improvements  so  that  they  can  be 
incorporated  for  the  next  flight. 
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SSME  PROGRAM 
Additional  Questions 


1.    QUESTION 


What  is  the  status  of  the  redesign  of  the  powerhead 
assembly  to  a  two  duct  system? 

ANSWER 

The  status  of  the  powerhead  assembly  with  the  two  duct 
system  is  that  the  design  is  complete,  one  assembly  has 
been  fabricated  and  will  be  built  into  a  development 
engine.   Testing  will  wait  for  test  stand  availability, 
1987  or  1988,  where  support  for  Shuttle  flight  resumption 
will  take  priority. 


2.    QUESTION 


Is  this  redesign,  known  as  NASA's  "phase  two  plus  program" 
sufficient,  or  should  a  complete  new  powerhead  along  with 
new  turbopumps  be  designed? 

ANSWER 

The  Phase  11+  program  with  the  two  duct  powerhead  assembly 
does  increase  the  operating  margins  of  the  SSME;  however, 
Rocketdyne  is  recommending  to  NASA  additional  changes  to 
provide  increased  margin  life.   These  include   a  wide 
throat  main  combustion  chamber  to  reduce  operating 
environments  and  thereby  increase  component  life  and 
additional  pump  improvements  with  a  goal  of  a  10,000 
second  pump  prior  to  overhaul.   A  new  powerhead  assembly 
and  new  turbopumps  are  not  required. 

QUESTION 

Supposedly  funding  restrictions  prohibit  going  ahead  with 
the  alternative  pump  development  program.   Have  the 
current  pumps  met  the  Shuttle  program  requirements  in 
terms  of  maintenance  and  reliability? 

ANSWER 

The  current  pumps  do  not  meet  the  desi  red  Shuttle  program 
requirements  in  terms  of  maintenance.   The  formal  program 
requirements  do  allow  maintenance,  but  maintenance  every 
five  or  six  flights  is  considered  too  high.   The  current 
pump  maintenance  can  be  significantly  reduced,  and 
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design  fixes  have  been  identified  that  should  do  this. 
Short  term  fixes  that  can  be  certified  for  the  next  flight 
will  significantly  improve  maintenance.   Longer  term  fixes 
incorporated  at  some  intermediate  step  and/or  in  an 
increased  margin  engine  should  bring  the  pump's  capability 
up  to  a  low  level  of  maintenance. 


4 .    QUESTION 


Would  the  main  engine  be  used  on  any  future  space  vehicle 
or  would  a  completely  new  engine  be  developed? 


ANSWER 


The  NASA  and  USAF  continually  study  advanced  launch 
vehicles  and  the  propulsion  systems  for  these  vehicles. 
Concepts  range  from  single-stage-to-orbit  (SSTO)  vehicles 
placing  small  {10K-20K)  payloads  into  low  earth  orbit 
(LEO)  to  two-stage  heavy  lift  vehicles  (HLLV)  capable  of 
orbiting  large  payloads  (300K-400K) .   within  this  range 
are  Shuttle  Derived  Launch  Vehicles  (SDLV),  Space 
Transportation  System  II  (STSII),  Unmanned  Launch  Vehicles 
(ULV)  and  numerous  other  configurations  including  Low-Cost 
Expendable  Vehicles  (LCEPS) .   Some  vehicle  configurations 
are  completely  reusable;  others  are  partially  or  totally 
expendable.   The  Space  Transportation  Architecture  Studies 
(STAS)  and  the  NASA/MSFC  study  on  Space  Transportation 
Main  Engine  have  identified  LOX/Hydrogen  engines  as  a  key 
element  in  future  transportation  systems.   The  SSME,  or  a 
derivative  of  it,  can   satisfy  the  requirements  for  the 
LOX/H2  engine  in  all  of  these  candidate  vehicles.   It  is 
unnecessary  to  develop  a  completely  new  engine  just  to 
obtain  these  features  for  future  O2H2  applications. 

QUESTION 

If  the  current  engine  could  be  used  on  future  vehicles, 
then  what  is  NASA's  plan  to  redesign  the  powerhead  and 
pumps? 

ANSWER 

The  NASA  maintains  an  ongoing  Advanced  Development 
activity  in  support  of  potential  future  propulsion 
applications  as  those  described  in  the  response  to 
Question  No.  4.   While  Rocketdyne  has  defined 
modifications  that  could  be  made  to  the  current  SSME  to 
satisfy  these  needs  without  the  development  of  a  new 
option,  the  NASA  is  pursuing  other  available  options. 
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Rocketdyne's  approach  to  a  derivative  engine  include: 
modifications  to  add  a  two-position  nozzle;  capability  to 
operate  at  115-120  percent  power  level  (i.e.,  large  throat 
main  combustion  chamber);  addition  of  a  condition 
monitoring  system,  an  auxiliary  drive  on  the  low  pressure 
pump  to  start  the  engine  at  lower  inlet  pressure;  and 
possibly  a  capability  for  altitude  start.   These  features 
can  be  developed  for  the  SSME. 

The  NASA,  through  the  Alternate  Turbopump  program,  is 
pursuing  alternate  high  pressure  pump  options  for  the  SSME 
which  could  apply  to  future  application.   There  are  no 
plans  by  NASA  at  this  time  to  pursue  an  alternate 
powerhead  design  other  than  the  two-duct  configuration 
being  pursued  at  Rocketdyne  on  the  SSME  Phase  11+  program. 

QUESTION 

How  much  would  it  cost  to  develop  a  new  engine  vs  the  cost 
of  significantly  upgrading  the  present  engine? 


ANSWER 


QUESTION 


Has  Rockwell  determined  the  cause  of  the  4000  cycle 
turbopump  vibration? 

ANSWER 

Yes,  we  have  identified  two  resonances,  one  in  the  thrust 
cone  and  one  in  the  injector  LOX  inlet  splitter,  that  on 
some  engines  couple  and  produce  high  alternating  stresses 
in  the  injector  inlet.   Potential  fixes  are  a  collar  on 
the  thrust  cone,  a  clamp  on  the  injector  inlet,  and  a 
modification  to  the  splitter  vane.   The  thrust  cone  collar 
is  on  an  engine  and  ready  for  test. 

QUESTION 

What  was  the  status  of  spare  parts  for  the  main  engines  at 
the  time  of  the  STS-51L  launch? 
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ANSWER 

All  spare  parts  required  in  January  1986  were  available  at 
KSC,  i.e.,  1320  parts  required  and  1320  parts  available; 
however,  there  were  zero  spares  on  the  major  engine 
components  that  included  three  of  the  four  pumps,  the 
nozzle,  one  of  the  five  main  propellant  valves  and  four 
different  ducts.   We  are  utilizing  this  downtime  to  stock 
up  SSME  parts.   Our  plans  call  for  four  engines  to  support 
each  orbiter:  three  for  flight,  plus  one  spare. 


9.    QUESTION 


How  many  flights  could  the  hydrogen  and  oxygen  turbopumps 
support  before  overhaul? 


10.   QUESTION 


How  long  does  it  take  to  overhaul  a  turbopump  and  what 
does  it  cost? 

ANSWER 

A  high  pressure  pump  overhaul  takes  approximately  five 
months  and  costs  approximately  1  million  for  a  complete 
overhaul.   Many  of  the  fuel  pump  recycles  are  just  for 
blade  replacement  which  cost  $250,000. 
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JULY   15  HEARING  -  APPENDIX  #2 


MARTIN  MARIETTA  CORPORATION 


MICHOUD  AEROSPACE 

POST  OFFICE  BOX  29304 

NEW  ORLEANS.  LOUISIANA  70189 

Refer  to:  86MO-0932 
August  19,  1986 


Robert  C.  Ketcham 

General  Counsel 

U.  S.  House  of  Representatives 

Committee  on  Science  and  Technology 

Suite  2321  Rayburn  House  Office  Building 

Washington,  DC  20515-6301 


Dear  Mr.  Ketcham: 


With  reference  to  your  letter  of  August  8,  1986,  I  am  enclosing 
my  response  to  the  Committee's  nine  additional  questions  for  inclusion 
in  the  record  of  the  hearing  proceedings  of  July  15,  1986. 

The  answers  to  the  questions  regarding  the  Solid  Rocket  Boosters 
and  Space  Shuttle  Main  Engines  have  been  coordinated  with  Mr.  John  D. 
Goodlette,  Vice  President  and  Chief  Engineer,  Martin  Marietta  Denver 
Aerospace. 

Should  you  require  clarification  or  additional  information  for 
the  Committee  I  am  available  at  your  convenience. 


Sincerely, 


Richard  M. 
President 


1^^-^ 


Davis 


Enclosure 

cc:  Eugene  M.  Poe 
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U.S.  HOUSE  OF  REPRESENTATIVES 
COMMITl'EE  ON  SCIENCE  &  TECHNOLOGY 


TESTIMONY 
ANSWERS  TO  NINE  QUESTIONS 


SUBMITTED 
AUGUST  25,  1986 
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QUKSTION  1 

When  operating  problems  have  occurred  with  your  flight  hardware,  has  NASA 
encouraged  you  to  fix  the  problem  as  quickly  as  possible  or  has  NASA  been  stingy 
with  its  personnel  and  resources  in  responding  to  the  problem,  thus  delaying  a  fix 
due  to  money  or  schedule? 


The  External  Tank  operating  systems  have  had  only  16  anomaly  reports  in  25 
flights.  These  anomaly  issues  have  never  affected  the  flight  performance  of  the 
Shuttle  system  or  safety  of  the  crew.   The  issues  are  concerns  with  the  presswe 
transducer,  temperature  sensors,  liqmd  level  sensors,  switch  indicators,  and 
thermal  protection  system  debris.    For  each  concern  we  have  received  full 
encouragement  and  support  from  the  NASA  to  provide  a  timely  resolution  and 
proper  corrective  action.  The  support  includes  NASA  Marshall  Space  Flight 
Center  Science  and  Engineering  Laboratories  technical  analysis  and  test  and 
NASA  program  management  support  for  engineering  design  changes  and 
modifications.  Their  personnel  have  been  very  responsive,  and  proper  problem 
solutions  have  never  been  delayed  due  to  money  or  schedule  considerations. 
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QUESTION  2 

Are  you  aware  of  specific  launch  criteria  which,  if  exceeded  or  not  met.  would 
automatically  delay  a  launch?  How  often  have  you  observed  or  know  about 
instances  in  which  NASA  waived  such  criteria?  Is  the  waiving  of  launch  criteria 
commonplace... the  rule  rather  than  the  exception? 


The  External  Tank  has  12  Launch  Commit  Criteria  (LCC)  that  are  mandatory 
requirements  for  launch.  These  include  pressures,  temperatures,  liquid  level  and 
hazardous  gas  detection  requirements  necessary  to  erisure  flight  performance  and 
safety.   Seven  of  tliese  are  controlled  by  the  Ground  Laxmch  Sequence  (GLS) 
software  so  that  a  violation  of  requirements  produces  an  automatic  launch  delay. 
With  25  launches  to  date  there  has  never  been  a  violation  of  any  of  these  seven 
LCCs.  The  other  five  LCCs  are  two  temperatures  and  three  hazardous  gas 
measurements  which  are  monitored  by  console  operators.   In  the  history  of  Shuttle 
flights  there  have  only  been  two  instances  where  these  criteria  have  not  been 
met.   Both  occurrences  were  the  nose  cone  compartment  temperatures  on  the 
51- L  launch  attempts.   The  first  occurrence  was  the  day  of  the  launch  abort  and 
the  second  occurrence  was  the  day  of  the  actual  launch.   In  each  instance  there 
was  a  completely  documented  level  II  approved  waiver  to  these  criteria  that 
included  the  rationale  for  proceeding  with  the  laxmch.   In  no  case  did  a  component 
or  system  exceed  the  qiialification  base.    Comparing  the  n\imber  of  LCC  (12  per 
launch  attempt)  and  number  of  flights  (25)  with  the  number  of  waivers  (2),  it  is 
concluded  that  the  processing  of  waivers  to  the  LCC  is  not  commonplace  and 
more  of  an  exception  than  the  rule. 
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QUESTION  3 

What  is  your  opinion  of  NASA's  SR&QA  performance? 


Martin  Marietta  interfaces  with  NASA  Safety,  Reliability  and  Quality  Assurance 
(SR&QA)  at  the  following  locations: 

MICHOUD  ASSEMBLY  FACILITY  -  There  are  three  NASA  R&QA  people  assigned 
to  this  facility.   Hardware  acceptance  has  been  delegated  to  Defense  Contract 
Administration  Services  (DC AS)  represented  by  62  people.   The  NASA  personnel 
administer  the  DC  AS  delegation  and.  perform  some  surveillance  of  Martin 
Marietta  performance  to  the  SR&QA  requirements.   In  our  opinion  the  NASA's 
performance  at  this  facility  is  very  good.   They  do  support  the  program  and  work 
issues  with  other  Shuttle  element  interfaces  to  the  extent  they  can.  We  do 
recommend  consideration  be  given  to  an  improved  system  for  SR&QA  interfacing 
between  Shuttle  elements.  Their  administration  of  the  DCAS  delegation  is  very 
satisfactory,  they  actively  interface  and  resolve  issues  when  neccesssu-y  and  as 
requested  by  Martin  Marietta.    DCAS's  performance  as  the  hardwjire  acceptance 
agency  of  NASA  is  also  very  good.    Overall  our  interface  with  the  DCAS  and  the 
NASA  is  excellent. 


NATIONAL  SPACE  AND  TECHNOLOGY  LABORATORIES  -  Although  we  have 
had  little  activity  at  NSTL  for  the  last  two  years,  prior  performance  by  the  NASA 
v/diS  good,  in  our  opinion. 

KENNEDY  SPACE  CENTERA^ANDENBERG  AIR  FORCE  BASE  -  Our  interface 
with  the  NASA  SR&QA  has  been  very  limited  since  the  SPC  contract  was 
implemented,  but  prior  to  that  time,  our  opinion  of  their  performance  was  also 
good. 

MARSHALL  SPACE  FLIGHT  CENTER  -  The  External  Tank  and  the  Shuttle  flight 
reaidiness  reviews  are  supported  by  a  full  time  assigned  R&QA  person  who  actively 
works  ET  quality  issues.   Also,  there  is  a  specific  saifety  assignee  to  the  ET 
Project  Office.   Reviews  and  issues  are  supported  by  the  central  Safety  and 
Quality  offices  at  MSFC.   In  our  opinion,  the  Quality  Assurance  activity  is  very 
good. 

The  Center  Board  Flight  Readiness  Review  is  supported  by  the  Director  of 
Reliability  amd  Quality  Assurance  and  by  the  Director  of  Safety.    Both  are  on  the 
Center  Board.    Consideration  should  be  given  to  having  the  Reliability  aind  Quality 
Assvirance  Director  report  to  the  Center  Director.  The  Director  of  Safety  already 
reports  to  the  Center  Director.  While  we  are  not  aware  of  auiy  significant  past 
problems  with  the  current  organizationsil  relationship,  this  would  provide  a  totally 
independent  assessment  in  the  crucial  period  ahead. 
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QUESTION  4 


a.  Are  there  any  elements  of  your  flight  hardware  that  particularly  concern 
you  at  this  point? 

b.  What  are  they? 

c.  Why  do  they  concern  you? 

d.  What  should  be  done  to  address  these  concerns? 


Several  issues  concern  vis  and  remain  as  on- going  activity  for  design  improvement. 


The  first  issue  is  the  ullage  pressure  transducer  bias  output  indications  that  have 
occurred  on  some  flights.    Although  these  transducers  have  performed 
satisfactorily  in  all  flights,  amd  have  maintained  the  tank  pressures  well  within  the 
control  band,  we  are  continuing  to  investigate  this  issue  and  have  an  alternative 
design  in  development. 

The  second  issue  is  a  potential  hazard  associated  with  the  hydrogen  vent  valve, 
which  when  indicated  closed,  could  have  a  small  leak.  There  has  been  no 
qualification  test  or  flight  history  of  valve  leakage  problems.  We  are  conducting 
extensive  analyses  and  testing  as  well  as  evaluating  design  modifications  in  the 
resolution  of  this  issue. 


The  third  issue  is  the  evidence  from  post  separation  photos  of  Thennal  Protection 
System  (TPS)  divot  loss  which  could  cause  orbiter  tile  damage.  We  have  improved 
the  Intertank  TPS  application  process  and  implemented  a  design  modification  to 
all  completed  External  Tanks.    Debris,  in  general,  from  TPS  or  ice  must  remain  as 
a  Shuttle  system  concern  \mder  evaluation. 

Another  issue  is  the  Range  Safety  System  (RSS)  which  is  installed  on  the  ET.  This 
is  not  because  of  any  known  defect  in  the  RSS  design  or  hardware.  We  believe  it 
has  been  well  designed  and  that  we  have  adequately  protected  the  linear  shaped 
charges.   Level  II  is  reevaluating  the  requirements  for  the  system  to  remain  on 
the  External  Tank.    Removal  of  the  system  would  eliminate  any  possibility  of 
inadvertent  detonation. 


All  of  the  above  issues  are  also  being  addressed  in  the  current  Failure  Mode  and 
Effects  Analysis  (FMEA),  Critical  Items  List  (CIL)  and  Hazard  Analysis  activity. 
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QUESTION  5 


a.  Are  there  any  pau-ticulsir  tests  that  should  be  run  on  your  flight  hardware 
that  have  not  been  run  in  the  past? 

b.  Why  should  these  tests  be  conducted? 

c.  Why  have  they  not  been  conducted  in  the  past? 

d.  How  long  would  it  take  and  how  much  would  it  cost  to  conduct  these  tests? 


In  our  review  activity  to  date,  we  have  not  identified  any  additioncil  test  activity 
required  for  component  qualification  or  system  certification.   However,  we  are 
planning  appropriate  development  testing  associated  with  the  resolution  of  the 
issues  and  design  improvements  identified  earlier. 


We  are  continuing  o\ir  pre  51-L  test  of  the  ullage  pressure  transducer  to 
imderstand  the  cause  and  correction  of  the  bias  mechanism  in  order  to  ensure 
design  reliability.   Alternate  transducer  design  and  development  testing  is  in 
progress  which  will  lead  to  complete  qualification. 


For  the  hydrogen  vent  vzdve  leakage  issue  we  dse  testing  H2  flow  mixtvire  and 
combustion  relationships  to  quantify  the  recent  leakage  concerns  identified.  We 
will  also  evaluate  by  test,  any  design  improvements. 


TPS  testing  consists  of  improving  constituent  material  fingerprinting  and  process 
re- validation.   This  effort  was  in  process  prior  to  51-L.   Our  re- review  and 
re-certification  of  the  above  hardw2u*e  currently  underway  as  well  as  future 
results  from  the  ongoing  FEMA/CIL  activities  may  result  in  additional  testing. 


The  schedule  and  costs  estimate  associated  v/ith  these  activities  is  currently  in 
the  process  of  completion.  This  information  will  be  provided,  under  separate 
cover,  in  response  to  Congressmein  Robert  S.  Walker's  request  during  the  hearings 
of  July  15.  1986. 
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QUESTION  6 


Have  yoxir  companies  ever  had  disagreements  with  NASA  over  design 
specifications?  If  so,  were  they  resolved?  Do  you  have  any  outstanding  disputes? 


Although  Martin  Marietta  has  had  some  disagreements  with  NASA  over  design 
specifications  in  the  past,  they  were  all  technically  resolved  without  compromise 
to  the  quality  of  the  hardware  or  safety  of  flight.  We  do  not  have  any  outstanding 
disputes.   However,  as  discussed  in  question  4,  we  continue  to  have  a  concern  with 
the  Range  Safety  System  (RSS)  on  the  External  Tank.  We  strongly  support 
deletion  of  the  system. 


317 


QUESTION  7 

a.  Which  elements  of  yoiir  flight  hardware  have  exhibited  serious  anomalous 
behavior  in  past  flights? 

b.  Which  of  these  hardware  elements  are  categorized  as  criticality  1  ? 

c.  Prior  to  the  Challenger  accident,  what  was  being  done  to  resolve  these 
operating  problems? 

d.  If  not  yet  fully  resolved,  what  should  be  done  now  to  address  these  problem 
arezis? 


We  have  not  experienced  any  serious  anomalous  behavior  v/ith  any  element  of  the 
External  Tank.   However,  as  identified  earlier  in  question  4,  we  are  involved  in 
design  improvement  activities.  Two  areas  of  pzirticular  interest  are  the  LH2 
Ullage  Pressxire  Transducer  and  the  Thermal  Protection  System. 

The  transducer  has  experienced  some  minor  bias  output  indications.  The 
instrument  is  a  criticality  1  component  but  this  failure  mode  is  not  a  criticality  1 
issue.   Prior  to  the  51-  L  accident  we  had  a  development  program  underway  to 
provide  a  totally  new  tramsducer  design.   This  instrument  is  currently  in 
qualification  and  several  reviews  are  plainned  to  evaluate  it's  usage  on  the 
External  Tank. 


The  TPS  exhibited  divot  loss  on  some  flights  as  shown  by  the  post  sepairation 
photos.  This  system  was  not  originally  included  in  the  FMEA/CIL  jind  therefore, 
not  assigned  a  criticality  category.   It  was  however,  assumed  to  be  a  critical 
sub-  system,  as  wjis  the  structure,  aind  appropriate  measures  were  taken  in  the 
design  development  and  qualification  to  ensure  saif  ety  and  reliability.  We  have 
implemented  a  redesign  of  the  ET  Intertank  TPS  and  are  re-evaluating  TPS  and 
ice  debris  concerns. 
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QUESTION  8 

Independent  contractors  are  assisting  NASA  in  its  review  of  the  Critical  Items 
List.   Rockwell  has  the  responsibility  for  the  extemad  tank  and  the  Martin 
Marietta  Company  has  responsibility  for  the  solid  rocket  booster  and  the  Space 
Shuttle  main  engines. 

-     Could  you  explain  for  the  Committee  what  this  activity  entails  from  your 
perspective? 


New  proposed  FMEA/CIL  documents  are  being  prepau-ed  for  the  External  Tank  by 
Rockwell  International  under  contract  to  NASA  and  independently  by  Martin 
Marietta  Michoud  Aerospace.   Groundrules  covering  components  have  been 
expanded  to  include  items  such  as  the  Thermal  Protection  System  (TPS), 
Interfaces  (between  STS  elements),  venting  requirements  and  other  system  issues. 
The  results  of  both  teams  will  be  reviewed  by  the  NASA  review  committee  and  a 
final  FMEA/CIL  document  will  be  issued. 


In  addition,  the  existing  Hazzirds  Analysis  will  be  evaluated  for  addition  of  any 
new  concerns  as  well  as  proper  closure  of  previous  hazeirds. 


The  method  of  review  is  as  follows: 


Perform  comprehensive  review  of  ET  engineering  drawings  and  associated 
source  documentation,  ET  design  data  drawings,  schematics,  block  diagrams, 
specifications,  test  reports,  failure  reports,  checkout  requirements  and 
procedures,  hazard  analyses,  etc.,  including  Level  II  and  Level  III 
documentation. 


Review  each  candidate  item  to  document  those  failure  modes  which  are 
credible  and  consistent  with  the  groundrules  and  should  be  Included  In  the  ET 
FMEA. 


Perform  detailed  comparison  between  the  items/failure  modes  derived  from 
this  assessment  and  those  which  are  currently  in  the  ET  FMEA  to  identify  any 
items  or  failure  modes  which  were  omitted  from  the  existing  FMEA.   Subject 
these  Items  to  a  thorough  Jinalysls  by  the  appropriate  technical  disciplines  to 
document  their  associated  failure  effects,  critlcallty.  etc..  in  accordance  with 
the  defined  FMEA/CIL  review  process. 
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-     Produce  a  new  baseline  ET  FMEA  and  CIL  which  are  revised/reformatted  as 
required  to  reflect  the  requirements  stipulated  in  the  "Space  Shuttle  Failure 
Modes  and  Effect  Analysis"  (FMEA)  and  Critical  Items  List  (CIL)  Ground 
Rules,  EG  5320.1,  provided  by  MSFC. 


The  reviews  provide: 

-  Independent  analysis  and  technicjil  expertise 

-  Additional  assurance  that  critical  items  and  their  level  of  criticality  have  been 
properly  identified  and  documented 

-  Additional  assurzmce  that  the  rationale  for  retention  is  complete  and  accurate. 

Martin  Marietta  Denver  Aerospace  has  been  assigned  the  responsibility  by  the 
NASA  to  perform  independent  reviews  of  the  solid  rocket  booster  and  the  main 
engines  in  a  similar  manner.  These  analyses  will  be  compared  to  those  of  USBI  - 
Booster  Production  Company.  Morton  Thiokol  and  Rockwell  Intemationail 
Rocketdyne. 
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QUESTION  9 

What  is  your  experience  in  solid  rocket  boosters  that  would  give  you  the  ability  to 
make  sound  judgments  on  Failure  Modes  and  Effects  Analyses  of  solid  rocket 
boosters  to  determine  what  elements  should  be  included  on  the  Critical  Items  List? 

-     It  is  our  understanding  in  discussions  with  NASA  that  you  are  engaging  outside 
expertise  to  support  this  independent  review  activity.  Could  you  describe  this 
for  us  and  who  would  serve  on  this  independent  review  committee? 


For  many  years  Martin  Marietta  Aerospace  has  produced  systems  using  solid 
rockets.   At  Denver  Aerospace,  the  Titan  III,  Titan  IV,  Peacekeeper  and  small 
ICBM  use  large  solid  rocket  motors.    Since  its  inception,  Martin  Marietta  Orlando 
Aerospace  has  produced  tactical  missiles  using  solid  rockets.    Our  engineering 
staffs  at  both  divisions  include  mechamcal  and  chemical  engineers  vnth 
background  and  experience  in  solid  rocket  motors,  and  our  FMEA/CIL  analyses 
have  called  upon  this  expertise  from  both  Denver  and  Orlando. 


The  Shuttle  solid  rocket  boosters  involve  more  subsystems  than  the  solid  rocket 
motors.   The  solid  rocket  booster  inclxides  the  electro- hydraulic  thrust  vector 
control  system,  an  integrated  electronics  assembly,  a  range  safety  and  command 
destruct  system,  a  recovery  system,  and  the  structural  and  thermal  protection 
systems.   Martin  Marietta  products  routinely  involve  the  technologies  represented 
in  these  subsystems. 

We  have  engaged  three  outside  agencies  for  specific  expertise  and  support  of 
independent  review  activity  of  the  Space  Shuttle  Main  Engines  (SSME).   Aerojet 
'  Technical  Systems  was  assigned  to  perform  failure  mode  and  effects  analyses  on 
the  SSME  turbopumps.   Pratt  &  Whitney  has  been  engaged  to  provide  critiques  of 
our  work  on  a  task  order  basis.   In  addition,  a  small  task  order  has  been  assigned 
to  Battelle  Memorial  Institute,  this  choice  having  been  made  because  of  previous 
work  done  under  NASA  contract  regarding  failure  modes  for  the  Shuttle  main 
engine. 

The  arrangements  described  above  involve  the  employment  of  individuals  with 
specific  technical  expertise.   It  is  not  our  intent  that  they  serve  sis  an  independent 
review  committee,  but  rather  to  participate  as  team  members.   Their  work  will  be 
incorporated  into  our  final  results.   The  individuals  have  been  engaged  by  means 
of  a  subcontract  between  Mauiiin  Marietta  Denver  Aerospace  and  their  respective 
corporations. 
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July  24  Hearing— Appendix  1 


IWNSA 

National  Aeronautics  and 
Space  Administration 

Washington.  DC 
20546 


1  3  NOV  1956 


Reply  lo  Attn  oC  ;  JPM  I  P  Ig 

Mr.  Robert  C.  Ketcham  .  ^qc 

General  Counsel  NOV  I  3  «>» 
Committee  on  Science  and  Technology  ,ttc.- hm  criFwr, 

House  of  Representatives  .       ^'^''!^'i'™Mn?oGY 

Washington,  DC   20515  AND  TECHNOLOGY 

Dear  Mr.  Ketcham: 

Following  the  meeting  recently  held  In  your  office  wjth  Mr.  Weeks 

and  Mr.  Moore  to  resolve  the  conflict  in  testimony  taken  during 

the  Cormnlttee  hearings  on  the  Challenger  accident,  your  staff 

prepared  an  Affidavit  and  requested  it  be  reviewed  by  Mr.  Weeks. 

Enclosed  is  an  Affidavit,  signed  and  sworn,  by  Mr.  Weeks  stating 

his  best  recollection  of  the  meeting  in  question.  If  there  are 
any  questions,  please  call  me. 

Sincerely, 


J^hn  P.  Murphy 

sistant  Admlnistral 
for  Legislative  Affairs 

Enclosure 
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District  of  Columbia 
City  of  Washington 


AFFIDAVIT 


L.  Michael  Weeks,  being  first  duly  sworn,  deposes  and  says: 

I  am  currently  employed  by  the  National  Aeronautics  and 
Space  Administration  (NASA)  as  Deputy  Associate  Administrator 
(Technical)  in  the  Office  of  Space  Flight  and  have  served  in 
that  capacity  since  February  1982.   For  the  18  months  prior  to 
the  51-L  accident,  I  served  in  two  capacities.   I  was  both  the 
principal  deputy  (the  position  was  not  filled)  and  the  technical 
deputy. 

On  August  19,  1985,  I  chaired  a  meeting  at  NASA  Headquarters 
concerning  the  erosion  of  the  solid  rocket  motor  (SRM)  pressure 
seals.   This  briefing  was  to  have  been  chaired  by  Mr.  Jesse  Moore, 
who  at  that  time  was  the  Associate  Administrator  for  Space  Flight. 
Mr.  Moore  was  unable  to  attend  this  briefing.   The  briefing  on 
the  pressure  seals  was  intended  to  be  a  high-level,  in-depth 
discussion  on  the  whole  0-ring  experience.   The  participants  in 
the  meeting  were  as  follows: 

Morton  Thiokol  -  Mr.  Mason,  Mr.  Wiggins,  Mr.  Kilminster, 
Mr.  McDonald,  Mr.  Speaks,  and  Mr.  Ross 

Marshall  Space  Flight  Center  -  Mr.  Mulloy  and  Mr.  Swinghamer 

NASA  Headquarters  -  Mr.  Weeks,  Mr.  Winterhalter ,  Mr.  Hamby, 
Mr.  Wetzel,  Mr.  Herr,  Mr.  Quong,  and  Mr.  Bardos 

The  briefing  lasted  two  and  one-half  to  three  hours.   The 
content  of  the  briefing  is  generally  represented  by  the  document 
entitled  Erosion  of  SRM  Pressure  Seals,  Presentation  to  NASA 
Headquarters,  19  August  1985  (Morton  Thiokol  Publication  No.  86110) . 
Although  this  document  contains  an  extensive  history  of  the  erosion 
problem  and  steps  being  taken  to  resolve  it,  it  did  not  include 
data  relating  to  the  effect  that  temperature  has  on  resiliency — 
the  meeting  included  no  discussion  of  the  effect  of  temperature 
on  the  resiliency  of  the  O-rings,  nor  did  it  discuss  or  reference 
the  data  that  resulted  from  the  bench  testing  which  concluded  that 
resiliency  is  a  function  of  temperature  (after  the  51-L  accident, 
I  found  out  this  information  was  contained  in  a  letter  from  Brian 
Russell,  Manager,  MTI  SRM  Ignition  System  to  Jam.es  W.  Thomas, 
Marshall  Space  Flight  Center  on  August  9,  1985).   I  do  not  know 
why  this  information  was  not  included  in  the  briefing. 

At  the  conclusion  of  the  meeting  it  was  agreed  by  all 
participants  to  adopt  the  recommendation  that  it  was  "safe  to 
continue  flying  existing  design  as  long  as  all  joints  are  leak 
checked  with  a  200  psig  stabilization  pressure,  are  free  of 
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contamination  in  the  seal  areas,  and  meet  0-ring  squeeze 
requirements."   However,  "efforts  need  to  continue  at  an  accel- 
erated pace  to  eliminate  SRM  seal  erosion."   None  of  the  15  people 
at  the  meeting  suggested  that  the  0-ring  erosion  problems  were 
such  that  NASA  should  ground  the  fleet  until  the  problem  was 
solved. 

I  can  attest  to  the  fact  that  my  concern  about  the  0-ring 
problem  was  well  known.   It  should  be  noted  that  there  was 
extended  discussion  of  the  secondary  0-ring  erosion  anomaly 
during  the  July  2,  1985,  Flight  Readiness  Review  (FRR)  chaired 
by  Mr.  Moore.   The  anomaly  was  dispositioned,  and  there  was  a 
consensus  at  that  FRR  that  it  was  safe  to  fly  the  July  29,  1985, 
mission.   Notwithstanding  the  decision  made  at  this  FRR,  Mr.  Hamby 
and  Mr.  Davids  were  sent  to  the  Marshall  Space  Flight  Center  to 
study  the  erosion  problem.   Their  efforts  were  recorded  in 
Mr.  Davids'  memo  of  July  17,  1985,  to  Mr.  Moore  with  a  carbon 
copy  to  me .   I  personally  reviewed  the  problem  in  Utah  on 
July  17  and  18,  1985,  and,  as  a  result,  set  up  the  August  19, 
1985,  presentation. 

At  approximately  7:00  P.M.  that  evening  (August  19th),  I 
briefed  Mr.  Moore  in  his  office  concerning  the  0-ring  erosion 
meeting.   The  briefing  with  Mr.    .Moore  lasted  approximately  10 
minutes.   I  advised  him  of  the  participants,  presented  him  with 
a  summary  of  the  matters  discussed,  and  with  their  conclusion 
that  it  was  safe  to  fly  as  long  as  the  three  caveats  referred  to 
above  were  met.   We  discussed  the  history  of  the  erosion  problem 
on  both  case-to-nozzle  and  case-to-case  joints.   While  I  did  not 
explicitly  use  the  term  "accelerated  pace,"  the  recommendation 
of  the  briefing  to  proceed  at  an  "accelerated  pace"  was  addressed 
by  me  by  the  discussion  of  our  ordering  72  larger  forgings  and 
the  case-to-case  and  case-to-nozzle  joint  changes  to  be  incorporated 
into  the  last  static  test  firing  of  the  Filament  Wound  Case  (FWC) 
for  November  1985.   I  also  discussed  construction  of  the  erosion/ 
deflection  test  rig  which  was  proceeding  vigorously.   As  we  left 
that  evening,  I  said  I  was  still  not  quite  satisfied  and  I  wanted 
to  call  Mr.  George  Hardy  of  the  Marshall  Space  Flight  Center,  an 
engineer  in  whom  I  had  great  trust.   I  called  Mr.  Hardy  the  next 
day  (August  20).   I  reported  back  to  Kr .    Moore  that  Mr.  Hardy 
believed  it  was  safe  to  continue  flying. 

I  believe  I  carried  the  briefing  document  with  me  into  my 
meeting  with  Mr.  Moore.   I  did  not  leave  the  document  with  him. 
Mr.  Moore  did  not  request  a  copy  of  the  document.   Insofar  as 
my  statement  before  the  Committee  on  Science  and  Technology  on 
June  12,  1986,  was  construed  to  mean  that  I  showed  Mr.  Moore 
the  briefing  document  page  by  page,  such  was  not  the  case.   The 
two  key  recommendations  on  the  last  page  of  the  briefing  were 
(a)  that  it  was  safe  to  continue  flying  and  (b)  that  efforts 
should  proceed  at  an  "accelerated  pace."   Both  of  these  items 
have  been  discussed  previously  in  this  affidavit. 
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I  have  reviewed  the  statements  made  by  Mr.  Moore  to  the 
Committee  on  Science  and  Technology  on  July  24,  1986,  and  can 
attest  to  the  fact  that  he  did  not  get  a  copy  of  the  report 
from  me.   I  cannot  attest  to  the  accuracy  of  Mr.  Moore's  state- 
ments concerning  his  independent  recollection  of  events. 

I  have  read  all  of  the  foregoing  and  find  it  to  be  true 
and  accurate  to  the  best  of  my  knowledge. 


(^ ///^itipj   lOU'iJ^^ 


L.  Michael  Weeks 


Subscribed  and  sworn  to  before  me 


/5'-^.  day  of  >^ J^-fi^y^A..^   y  ,  1986. 


■.3.1990 


Reply  lo  Attn  ol 
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July  24  Hearing— Appendix  2 

fWVSA 

National  Aeronautics  and 
Space  Administration 

Washington.  DC. 
20546 


SEP  I  8  "^S 


C:MDD:C-19807f 


Honorable  Robert  A.  Roe 

Chairman 

House  Committee  on  Challenger  Accident 

Committee  on  Science  and  Technology 

House  of  Representatives 

Washington,  DC  20515 


Dear  Mr.  Chairman: 

Enclosed  is  the  material  requested  for  the  record  on  page  143  during  the 
July  24,  1986,  hearing  at  which  Dr.  Fletcher  testified  on  the  Challenger 
accident. 

This  material  completes  the  Information  requested  during  that  hearing. 
Sincerely, 


-^fu~   ^     rr^-'-'-tv-y -t^ 


Lynn  W.  Heninger 

Director,  Congressional  Liaison  Division 


Enclosures 
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Material  requested  for  the  record  on  page  143,  line  3396  by 
Chairman  Roe  during  the  July  24,  1986,  hearing. 


In  March  1986  the  National  Space  Transportation  System  initiated 
a  series  of  special  Program  Requirements  Control  Board  (PRCB) 
reviews  of  critical  Space  Shuttle  systems  and  components.  These 
reviews,  called  System  Design  Reviews  (SDR's),  were  and  are 
intended  to  highlight  areas  of  potential  flight  safety 
improvement  and/or  redesign  in  the  Space  Shuttle  system  based 
upon  the  experience  and  knowledge  of  government  and  contractor 
system  engineers  working  across  the  program.  While  it  was  fully 
expected  that  the  formal  program-wide  FMEA/CIL  re-review,  which 
is  underway  in  response  to  Admiral  Richard  H.  Truly 's  Strategy 
for  Safely  Returning  the  Space  Shuttle  to  Flight  Status  and  to 
the  Presidential  Commission's  recommendations,  will 
comprehensively  identify  critical  system  areas  for  potential 
redesign,  the  FMEA/CIL  review  is  a  very  large  scale  undertaking 
which  will  take  a  number  of  months  to  complete.  The  premise  for 
the  SDR  review  series  is  that  most  areas  where  technical  issues 
may  exist  with  respect  to  subsystem  performance  and  safety  are 
already  known  to  the  various  technical  specialists  and  engineers 
across  the  program  and,  in  fact,  many  of  these  issues  have  been 
previously  reviewed  and  dispositioned  at  an  earlier  time.  Thus, 
the  SDR  series  was  initiated  to  achieve  up-front  program 
visibility,  action,  and  schedule  lead-time  on  important  areas  of 
potential  Space  Shuttle  system  redesign. 

To  date,  the  program  has  conducted  22  SDR  meetings;  the  first  was 
held  on  March  26,  1986,  and  the  most  recent  on  August  5,  1986. 
Issues  and  proposed  changes  have  been  presented  by  appropriate 
elements  of  the  Johnson  Space  Center,  the  Marshall  Space  Flight 
Center,  the  Kennedy  Space  Center,  the  Vandenberg  Launch  Site,  and 
their  contractors.  Two  hundred  fifty-four  candidate  hardware, 
software,  and  analysis  actions  have  been  considered  by  the  board. 
Of  these,  95  have  been  approved  for  implementation/ completion 
before  the  next  STS  flight,  36  have  been  approved  for  expedited 
implementation  down-stream  of  the  first  flight,  18  have  been 
transferred  to  normal  program  change  channels  and  55  were 
combined  with  other  changes.  The  remaining  50  are  still  being 
assessed  for  specific  implementation  priority.  A  complete 
listing  of  all  open  and  closed  SDR  actions  is  enclosed. 
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FLIGHT  TECHNIQUES  PANEL 
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IMPACTS 
COST 
WEIGHT 
SCHEDULE 

DUE  DATE 
SPONSOR  ORG 

04/16/86 
JSC-AM 

;============: 

04/16/86 
JSC-AM 

ACTION 
REQUIRED 

PERFORM  COMPLETE  ASSESS- 
MENT OF  CHANGES  WITHIN 
THE  ELECTRICAL/FLUID/ 
PNEUMATIC/ AVIONICS/ 
MECHANICAL  SYSTEMS  TO 
ENSURE  CONSISTENT  TREAT- 
MENT OF  REDUNDANCY 
AND  RELIABILITY  CONSID- 
ERATIONS. REPORT  RESULTS 
TO  THE  SPECIAL  LEVEL  II 
PRCB  (SYSTEM  DESIGN 
REVIEW  BOARD) . 

PROVIDE  ASSESSMENT  OF 
THE  FEASIBILITY/SAFETY/ 
ACCEPTABILITY  OF  SSME 
SHUTDOWN  WITH  ONLY  ONE 
GOOD  FLOW  CONTROL  VALVE. 
PROVIDE  A  RECOMMENDATION 
REGARDING  THE  STANDARDI- 
ZATION OF  ULLAGE  PRES- 
SURE DECAY  PROJECTIONS 
IN  TERMS  OF  DESIGN 
REFERENCE  VERSUS  MISSION 
SPECIFIC  CONSIDERATIONS. 
REPORT  RESULTS  TO  THE 
SPECIAL  LEVEL  II  PRCB 
(SYSTEM  DESIGN  REVIEW 
BOARD) . 

ACTION 
IDENT 

JSC-AM 
2-1 

S 

MSFC-ET 
2-1 

S 

SDR  I 
DESCRIPTION 

ET  ULLAGE  PRESSURE 
TRANSDUCER  STICTIO 
N  PROBLEMS 

1-   01   1-     II                                                                                                         II 
<  00  U    II                                                                                        II 
U  »   <    II                                                                                        11 

PCIN 
NUMBER 
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457 


T  10 

03 

II 

' 

■ 

II 

■^ 

II 

It 

V— 

II 

II 

,— 

II 

II 

•  ^^ 

II 

II 

O  CD 

II 

Ul 

II 

Z  O 

II 
II 

1- 

_l 

II 
II 

UJ   UJ 

II 

l/l 

r 

Q 

II 

O   K 

II 

1- 

K 

O  Ul 

II 

<    < 

II 

u 

l/l 

*-* 

X 

II 

a  Q 

II 

<  O  UJ  O 

II 

II 

a 

U 

3 

(/) 

II 

II 

z 

II 

II 

^-1 

II 

H 

II 

II 

__ 

^ 

..^ 

.^ 

II 

— .^— ^— ^ 

— 

i— '— * 

-^ 

II 

II 

II 

C3 

II 

II 

tr 

II 

II 

Ul  O 

II 

II 

t- 

II 

(O 

(C 

lO 

(0 

II 

< 

oc 

II 

CO 

o 

CO 

m 

II 

Q 

o 

II 

^  z 

^  z 

>-  z 

^ 

z 

II 

01 

II 

(0  < 

(O  < 

<c  < 

10 

< 

II 

Ul 

z 

II 

—    1 

^     1 

•—     1 

•— 

1 

II 

13  O 

II 

^  u 

^  o 

^  1_) 

^ 

u 

II 

o  a 

II 

TT  l/l 

^  1/1 

1-  m 

* 

1/1 

II 
II 
II 

l/> 

II 
II 
II 

o  -) 

o  -> 

O   -5 

o 

-> 

II 

II 

u. 

O 

II 

o 

z            -• 

II 

1    l-l       l/l  l-l 

II 

l/l 

O   <  K          K 

II 

UJ 

U  >  Z  Q  (/I        -l-l 

II 

O  (E 

►-.-l<Z«-53UJZ 

II 

II 

O  UJ 

zt-      ujxuji>n>0 

II 

II 

ZUOZKZUJZUJUJi-i 

II 

II 

3(rujzz          cr_ii/i 

01 

II 

M 

UJOHIZUJOUJX              UJ 

2 

II 

II 

£r(/iuazuuh-i-_iQ    • 

to 

O 

II 
M 

II 
II 

3 

-1 

z 
< 

uj3auj<"iQ:<      -^ 
-loocr-ixO'-ZQ 

D  K 

II 

o 

tl 

*-l 

IX 

UJ      -1      a      a  u  Ul  a 

u 

II 

UJ 

II 

< 

1- 

Q:uiQ:uj[rujuii-< 

K 

< 

II 
II 

z 
o 

a 

II 
II 

u. 

o 

uiui>uiQ:ujao.ooo 

>(_)UJQ        (_)        1/1>(D 

< 

z 

II 

l-l 

13 

II 

Ul 

z 

3  O  —  O  3     ■        l/l 

111 

II 

1-  o 

II 

(X 

^■4 

ZQ        i>1l-QZUJ^5 

»- 

0. 

II 

o 

Ul 

II 

< 

1- 

oi/iaz      i>i(Ji      Ul 

o 

II 

< 

cr 

II 

a 

l/l 

—  zujozz  —  Km  — 

l/l 

Q 

II 
II 

II 
II 

z 
o 

•-t 
X 

i/l<QUO<i/l        <-)> 

uiQ:zuj>-<cruJOQ:uj 

UJ 
rsl 

II 
II 
II 

11 
II 
II 

(J 

Ul 

Qt-oai-i-Qi-aQ: 

a: 

II 

II 

d: 

O 
C3 

II 

II 

It 
II 

Ul 

Q 

UJ 

II 
II 

z 

II 
II 

z 
l/l 

1/1 

< 

II 

O  K 

II 

(/)      1/1 

Ul          1/1 

Z        1/1 

z 

iji 

o 

II 

z 

II 

1 

1- 

< 

< 

z 

II 

1- 

Ul 

II 

o 

1 

1 

1 

3 

II 

U 

G 

II 

u.  ^4 

U  (D 

o  ^ 

o 

^ 

11 

<t 

»-i 

II 

1/1    1 

01     1 

1/1  1 

CO 

1 

II 
II 
II 

II 
II 
II 

Z   fM 

-)  tsi 

-)   (N 

-5 

n 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Z 

II 

II 

o 

II 

II 

(^ 

II 

II 

^- 

II 

II 

0. 

II 

II 

ft 

II 

H 

tr 

II 

II 

t-< 

o 

II 

II 

cc 

on 

II 

II 

Q 

UJ 

II 

II 

1/1 

Q 

II 

(N 

o 

»- 

CM 

o 

z 

1- 

tr 

O 

a 

I-  1/1 
«t  1/1 


II 

II 

M 

II 

II 

IX 

II 

Ul 

II 

(0 

z 

(S 

II 

o 

•-« 

z 

11 

o 

J 

3 

II 

o 

a 

Z 

II 

(O 

458 


IT)  <0 

..^ 

^_ 





^_ 

.^ 

-_ 

_^ 

__ 

.^ 

^^ 

__ 

.... 

— . 

___ 

^_ 



^_ 

_^ 

^_ 

«^_ 

.^^_ 

^_ 

_^ 

.^ 

..^ 

, 

_.^ 

IS 

II 

II 

M 

It 

>» 

M 

II 

II 

It 

^ 

II 

II 

II 

11 

^ 

II 

II 

II 

II 

•  -s. 

II 

II 

II 

M 

O  0) 

II 

UJ 

II 

II 

H 

z  o 

II 
II 

1- 

-J 

3 

II 
II 

II 

II 
II 

Ui  UJ 

II 

(/) 

r  Q 

II 

II 

II 

a  H 

II 

►-  1-  O  UI 

II 

II 

II 

<  < 

II 

<J  (/>  1-1 

X 

II 

II 

II 

ao 

II 
II 

<  O  Ui  u 

a.  u  3  lo 

II 
II 

II 
II 

II 
II 

II 

z 

II 

II 

It 

II 

<— • 

II 

N 

II 

II 
It 
II 

II 
II 
II 

II 

_  II 

II 

—  II 

II 

II 

II 

O 

II 

II 

It 

II 

a 

II 

II 

II 

II 

UJ  o 

II 

II 

II 

II 

K 

II 

(O 

II 

<o 

(O 

II 

II 

< 

a 

II 

(O 

II 

a 

CO 

II 

II 

Q  O 

II 

^ 

z 

II 

■V 

z 

^z 

H 

II 

(/I 

II 

(0  < 

II 

O)  < 

0>  < 

II 

II 

Ui 

z 

II 

1 

II 

CM 

1 

CM    1 

II 

M 

3  O 

II 

■v  u 

II 

^v 

o 

>.u 

II 

Q 

a. 

II 

«T  00 

II 

in  00 

in  1/1 

II 

tA 

II 
II 
II 

o 

-} 

II 
■*  II 

o 

-> 

o  -> 

It 
^  II 

II 

It 

II 

CM 

II 

1 

UJ 

It 

II 

r 

II 

M4 

z  o 

3 

It 

II 

o 

-I 

1 

-J 

II 

UJ 

_l 

-.  z 

O  1-  _l 

It 

II 

u 

00 

<  z 

• 

II 

u.  > 

l-H 

z  •- 

UJ 

-I 

cr 

<  z 

• 

II 

II 

-1 

1- 

Z 

OO 

*-« 

UJ 

*— ^ 

II 

O  -1  >  OQ  1/1 

a:  K  z  u.  o 

»-• 

UI 

^^ 

II 

II 

Ul 

< 

t- 

U  1-  Q 

II 

< 

-1 

>-• 

1- 

UI  z 

Ui 

a  (J  1- 

Q 

II 

II 

u. 

a 

t-H 

UI  1/1  K 

II 

> 

> 

-1 

OO 

»-4 

UJ 

Huixuiujuii/io: 

11 

II 

oni-st-a>< 

II 

1- 

<  CO  3  -I 

UJ  z  u  r  K  a  > 

< 

It 

II 

t-* 

a  i/i  (/)  o 

II 

H-t 

-I  <j  o  o  a 

o  Ui  (/>  1- 

10  (/I  O 

It 

1/1 

II 

Z  K  UJ  -1  o 

^ 

m 

II 

-1  o 

»-< 

a  cr 

»-« 

-1 

«-^ 

CO 

It 

Z 

II 

o  O  tr 

a  UJ 

M 

< 

C£ 

u. 

*^ 

-1 

•  a.  (J  u. 

> 

Ui 

It 

i/i 

o 

II 

H-* 

3  z  UJ  r  m  3 

II 

O  1- 

t-t 

Ui  CJ  1- 

o  z 

*-t 

O  Ui  X  ID  3 

It 

II 

1/1 

m 

01 

l-< 

ir  1-  o  UJ 

II 

•-• 

zu  r 

3 

1-4  i-i 

o 

>  H  O  Ui 

It 

3 

1- 

a 

M 

t-H 

OO 

I 

QC 

^4 

II 

1-  O  UJ  1-  K  Z 

t/i 

o 

_l 

_i 

cr 

»-4 

It 

a 

UI 

II 

>  UJ 

UI 

H 

< 

o  a 

> 

II 

i-rt 

o 

Q. 

cr 

a  u. 

-1  o  <  O  a. 

> 

It 

1- 

< 

Z 

a 

II 

UI 

a 

a 

t~* 

O  1- 

UJ 

II 

cr 

00  a  o  o 

o 

a 

>  H 

UI 

It 

o 

»-^ 

II 

cr 

»-« 

Q. 

5 

1 

H-t 

at 

II 

o  i 

z  r  z 

00 

Ui 

U  1- 

1-4 

(T 

II 

< 

z 

l-t 

3 

II 

3 

h- 

(/I 

»-l 

II 

o 

> 

(-* 

00 

»-l 

H 

X  00 

z 

z 

_l  00 

•-• 

II 

UJ 

1- 

o 

II 

(/I  O  UJ  00 

t- 

z 

II 

3  -1  I  Q 

>  u 

1-  1- 

O  O  1- 

z 

II 

1- 

a 

o 

UI 

II 

00  UI  o  a: 

_1 

-1 

-1  o 

II 

UI 

u. 

u 

3  U. 

-I 

<( 

(j 

K 

u 

a 

-1 

-1  o 

II 

o 

< 

(T 

II 

UI 

cr 

< 

UJ 

1-4 

3  UJ 

•-4 

II 

t^ 

1- 

-1  O  O  1- 

I  <  o 

K 

3  Ui 

>-* 

II 

i/i 

II 

(/) 

-1 

(_) 

K 

1/1 

>  00 

II 

>   CM 

1-^ 

tj 

> 

Z 

(-  a. 

> 

a 

Z 

(/) 

>  00 

II 

o 

II 

00 

o 

-1 

3Z 

UI 

UJ 

UJ 

II 

UI 

r  3 

z 

> 

z 

o 

"  z 

o 

O  Ui  UI  UI 

II 

tij 

tsl 

II 
II 
II 

< 

1- 

3 

Q 

3  a 

-i  a 

II 
■"  II 

cr 

_i 

00 

1-^ 

t- 

*-^ 

u 

3  -• 

< 

U. 

u 

a: 

-I  Q 

II 
~  II 

„ 

It 

II 

oc 

II 

II 

II 

q: 

o 

II 
II 

II 
II 

II 
II 

Q 

UJ 

Z 

II 
II 

II 
II 

Z 

II 
II 

i/i 

< 

O  1- 

II 

UJ 

(/) 

II 

< 

«rt 

UJ 

1/1 

II 

o 

t-H 

Z 

II 

1- 

II 

o 

K 

II 

z 

t- 

UI 

II 

1 

It 

1 

1 

II 

3 

O  Q 

II 

u 

•— 

It 

o 

»- 

U  — 

II 

< 

t-t 

II 

00 

1 

It 

t/1 

1 

00    1 

II 

II 

-i 

^ 

II 
—   It 

-) 

(M 

->  CO 

II 
—  It 

II 

It 

It 

II 

It 

UJ  o 

II 

II 

II 

a. 

(-<t 

II 

II 

II 

3  H 

H 

II 

It 

1/) 

U 

II 

II 

It 

00 

»-* 

II 

z 

II 

It 

Ui 

>- 

II 

o 

II 

II 

a. 

00 

II 

»-^ 

II 

It 

a. 

II 

1- 

II 

It 

CE 

(/I 

II 

a 

II 

II 

UI  UI  z 

II 

•—1 

II 

II 

o  u  UI 

II 

IX 

II 

II 

< 

3 

_l 

II 

(X 

o 

II 

II 

_J  Q  CO 

II 

(T 

i/i 

II 

It 

_l  lO  O 

II 

O  UJ 

II 

It 

3 

Z 

(£ 

II 

in  Q 

II 

It 

< 

a 

II 

II 

It 

K 

cr 

II 

II 
II 

II 

UI 

1- 

z 

II 
~  It 

>T 

1-  I/) 

h- 

II 

It 

It 

1 

<t  I/I 

U 

II 

It 

II 

r4 
O 

u  ►- 

< 

II 
II 

It 
—  It 

II 
—  M 

II 

II 

II 

CN 

H 

II 
II 

II 
II 
H 

II 
II 
II 

O 

II 

n 

at 

II 

z 

UI 

II 
II 

to 

n 
II 

(0 

. 

II 
II 

►- 

z 

m 

II 

o 

II 

o 

II 

a: 

•-« 

s 

II 

o 

N 

o 

II 

o 

u 

3 

II 

o 

11 

o 

II 

a 

a 

Z 

II 

10 

11 

lO 

It 

_ 



_ 

M 

It 

It 

459 


10  J) 
00 


O  CD 

z  o 

a  I- 

<  < 

a  o 


ij 
II 
II 
II 
II 
II 
II 
II 
II  1/1 


on 

z 

I/)  o 

I— • 

(_) 
t-  < 


I-  a 
o 

Q 
liJ 
M 

cr 

ct  o 

o 

O  UJ 
LO    < 

o 

z 
3 


o 


o 

z 


o 
a 


h-  3 


I  Q   II 


K  O  UJ 

l/l  •-•  I 


O  ui  U   II 


Oil/5 


o 
a: 

UJ  o 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

<  (T  II 

Q  O  II 

I/)  II 

UJ  Z  II 

3  O  II 

o  a  II 
I/)  II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

Q   II 


CO 

^  z 

—  < 

CM  I 

■^  U 

rt  in 

o  -> 


<o 

<o 

CO 

<B 

■^  S 

■V  S 

—  < 

—  < 

(N     1 

CM     1 

■v  CJ 

^   O 

T  </) 

^   1/5 

O  -) 

o  -) 

z  cc 

o  « 

■-i  3 

t-  o 

U  UJ 

<  (X 


II 

H 

II 
n 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 
II 

Z  II 

O  t-  II 

i-i  Z  II 

I-  UJ  II 

u  o  II 

<  •-■  II 

II 

II 

II 
II 
II 
II 
II 


< 
3 

K  UJ 

U.  > 

o  •-• 

00  H 

^  < 

UJ  _l 

a  UJ 

<  ct 

3 

O  Q 

a.  z 

<  < 

I 

i/i 

on  z 

to  O 

UJ  >-t 

00  I- 

00  a 

<  o 


I 
o 

CJ  »-. 

z  > 

I-  Q 
►1  Z 

CO  H4 

X  a 
z  o 


CE  u 

o  •- 

u.  O 

O 

00  _l 

t- 

u  t- 

<  •-• 

a.  z 

s  - 


a  >-• 

o  > 

Q.  O 

UJ  a. 

a  a. 

■  a 

to  z 

-  < 

UJ 

Z  00 

00  K 

OO  _i 

_l  01 

<  UJ 

3  (T 


m  3 

UJ  U  UJ 
I  (T  •-" 

t-  a.  > 

UJ 

O  "-H  (T 


z 

-I  t3 

UJ  I-I 

>  to 

UJ  UJ 

-I  o 

-J  Z     • 

<  UJ  '^ 

►H  K    Q 

u  00  a 

UJ  >  < 

a  00  o 


u  to  ■ 


(S 


u  — 
oo  t 


<       I 

o 

I 

O  (N 
00     I 


<  I 

> 
I 

O  CO 
00    I 


Z  II 

O  II 

I-i  II 

I-  II 

a.  II 

—  II 

a:  II 

—    C_)     II 

<r  00  II 
O  UJ  11 

oO   Q    II 

II 
II 

II 

I-  1/1  I-  II 

<   00  U    II 

O  •-•   <    II 

II 

II 
II 
II 
II 
II 
a  II 

UJ    II 


-I  O 


i-i  O 
S  Z 


I-I  UJ 

-I  CD  Z 

<  1-1  (/) 

3  I  00 

Q  Z 

«  «  X 

>      u 

►1  o  < 

Q  1-1  UJ 

z  o 
«  O  cr 


Z  CO 
-  5 

a  z 


o 
o 

ID 


460 


(S 


O  00 

z  o 

UJ  (U 

<  < 

a  o 


II 
II 
II 
II 

II 
II 
II 
II  (/) 

II   H 


tu 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

on  II 


t-  3 

r  Q 

(-  O  UJ 

II  u  I/)  >-•  I 

O  UJ  U 

u  J  i-n 


z 

(/I  O 

1-4 
3  I- 

C_) 
I-  < 

<  z 

UJ 

I-  a 
o 

1/1 
o 


cc  o 


I 
o 


o 

z 


o 
a. 

tU 

a: 


UJ    11 

r\l   II  ' 
►1   II 
II 
II 
O   II 


Q  UJ 

t- 
(/)  < 

o 

z 

3 


O 
(X 

UJ  O 

I- 

<  cr 

Q  o 
i/i 

UJ  z 

3  O 

Q  a 
to 


<s 

—  < 

CM     I 
^  t/) 

o  -) 


CS 

—  < 

tN     I 

^  u 
^  I/) 
o  -> 


II 
II 
II 
II 
II 

H 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
'  II 
II 
II 
II 
II 

II   (O 
II   CO 


z 
—  < 

O    I 

u 


II  m  (/) 


-1 1/1 

Z>  K 
Q  (J 
UJ  < 

I  a. 
u  Z 

II     1/1    HH 
II     ^ 

II    (T  (T 
II   Ui  UJ 


O 

UJ 

Z  (X 

o  •-■ 
•-t  3 
I-  O 
(_)  UJ 

<  a. 


X  r 

O  H- 

a  o 

z 

4  O 

z  z 
< 
a 
o  H- 

_i  1/1 

UJ  o 

>  u 

lU  ^ 
O  UJ 


z 

O  K 

•-•  z 

I-  UJ 

U  Q 

<  •- 


a  1/1 

O  UJ 
</)  Q 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II   (D 
II  u 

II  I/) 

II  < 

II  o 

II  -^ 

II  < 

II  o 

II   u 

II  1/1 

II  ->  I 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


z 

(/)  O 

r  I- 

I-  o 

z 
r  3 

I-  -5 

ii  z 

s  o 

u 

Q 
UJ  Z 

t-  i-i 
< 
i-i  UJ 

u  o 
o  z 
1/1  < 

1/1 1 
<  u 


-I  UJ  z 

_J    »-l    I-H 

<  >  Q 

a  UI  K 

UJ  K  < 
>  13 
O  UJ  UJ 
K  (T 
O  < 

z  s  z 

11  I-  o 
O  U.  •-• 
O  O  K 
Z  1/1  < 
O  Q 
lO  Z 

z  u  UJ 

<  -  Z 

z  z 
r  o  o 
h-  •-•  u 

■1   >  UJ 
S  <  (T 


CD 

O 

lO 

UJ  < 

CD  O 

_l  UJ 

-I  r 

> 
UJ  ID 
O 

Z  Q 
<  UJ 

I  a 
u  o 

-J 

1/1  UJ 

>-■  > 

X  UJ 

K  Q 


UJ  10 
X  O  5 

I-  a  UJ 

a  « 

o      > 

I-    M    UI 

I-  a 
(/) 

I-  -I  z 

-I  UJ  o 

3  >  " 

(/I  111  (/> 

UJ   -I  UJ 

a      o 
_j 

K  <  Z  — 

a  •-•  UJ  o 

O  O  I-  (T 

a  UJ  1/1  < 
UJ  a  >  o 
a:  t/1 10  (D 


o  -5 


o  cr 
z  o 


II  u.  <  u. 
M  O 

II  UI  (/I 

II  (/)  a  z 

<  o 


O  S  •-" 

<  I-  t- 
a  u.  a 

ZOO 

«  1/1 
1/1 


II    UJ      -  UJ 


< 

> 

u 

CM 

lO 

1 

-) 

CN 

Z  UJ  (T 

II  •-•  a  3 

II  z  <  o 

II  K  3  UJ 

II  UJ  O  U 

II  I-  a  o 

II  UJ  <  cr 

II  o  X  a. 

II 

II 
II 
II 
II 
II 
II 

II  < 

II  > 

II  I 

II  u  — 

II  1/1  I 

II  ->  — 

II 

II 
< 


a  -I 

o  < 

a.  •-■ 

1/1  UJ  u 

a  IT  UJ 

Z  a 

■  i/i 
-I  > 

<  I-  UJ 

3  -  X 

Z  -I  I- 

ZOO 

<  K 

(3  a. 

Z  <  1/1 

>->  U  i- 

a.  -I 

3  Q.  3 

(/)  Z  i/l 

Z  3  UJ 

^  a  cr 


z    • 

UI  ^ 
I-  Q 

(/I  a 

>  < 

(/I  o 

m  3 

U  UJ 

a  « 
a  > 

UI 

«  a 

»-4 

z 
-I  o 

UJ  I-I 

>  (/I 

UJ  UI 

-I  o 


II 
II 
II 
II 
II 
II 
II 
II 
II  1/1 


a 

z 

3 
Q 


a. 
z  > 


<  -I 

3  •- 
Z  CO 

<  < 
S  a. 


1- 

1/1 

1- 

< 

to 

<_) 

o 

'-' 

< 

II 

II 

IX 

UJ 

o 

Z  ID 

— 

i-  s 

o 

U  3 

o 

a  z 

(fl 

II 
II 
II 
II 
II 
II 

M    CO 

M     — 


II 


O 

o 

II    lO 
II 


461 


3> 


o  a> 
z  o 

<  < 

0.0 


II 
II 
II 
II 

M 

II 
II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

H 

II 
II 

H 

II 
II 
II 
II 

•I 
II 
II 
II 
II 
II 
II 
11 

H 

H 

M 

II 

II 

lA    II 

Z    II 

l/l  O    H 

«    II 

■D  I- 

I-   < 


VI  < 


o 


o 

z 


a. 
O 
a. 


Ill 

-I 
t-  D 

to  I  Q 

K  t-  O  UJ 

O  lO  >-■   I 

<  O  UJ  U 

a  u  3  uo 


M 
II 
II 
M 

4   Z    II 
UJ    II 

I-  a  II 

O   II 

i/i      II 

O   II 

UJ    II 

N    II 

•-■  "I    II 

a.  II 
cr  o  II 

O   II 
O  UJ   II 

II 
II 


<  (T 

a  o 
1/1 

UJ  z 
3  o 
Q  a 

00 


(S 

—  < 

O    I 

■^  u 
o  -5 


O 

UJ 
Z  K 

O  «-• 
•-•  3 
t-  O 
U  UJ 
<  K 


UJ         » 
I         S 
U  (T 
I/)  UJ  Q 

^  I  Ul 
(T  K  I- 
UJ  O  < 
5  « 
o  a 
a.  z 
z  < 
< 
s 

a  o 
o  o 


z 

O  H 
—  Z 

t-   UJ 
O  Q 

<  •-• 


z 
o 


IT 

a  I/) 

O  UJ 
</5  c 


I-    LO   (- 

<  to  o 

u  >-•  < 


a: 

UJ 

z  o 
-  S 

a  z 


II 

II 

II 

II 

II  — 

II 

II 

II 

II  — 

ii 

H 
If 

II 

II 
II 

II  n 
II  — 


o 

—  < 

O    I 

^  u 

If)  01 

O  -) 


UJ  UJ 

>  -I 

UJ  3 

Q  O 


I 
O 

z 

3  -I 

-)  -i 
Z  < 

0  (r 

> 
z  o 

Z 

UJ  < 
13 

Z  X 

<  H 

1  " 
U  I 

1/5  Z 
-  O 
X  ■- 
I-  t- 


3 

UJ    I     UJ 

»  a  o 

>  a 

UJ  <  -I 

(T  13  -I 

UJ  H^ 

UJ  K  3 
K 

<  1/1  UJ 
3  Z  O 
K  O  2 
u.  ■-■  < 
O  I-  I 
l/l  <  u 

Q 
1/1  Z  to 
U  UJ  •-• 

-  2  X 

Z  S  t- 

o  o 

1-1  (J  o 

>  UJ  Z 

<  (£  » 


o 

U  UJ 

(/)  I 

<  H 

o 
o 

UJ 
X 
H  00 


>  -J 
CO  3 

to 

Q  UJ 

UJ  cr 
a 

O  I- 

-I  ac 

UJ  o 

>  a. 

UJ  UJ 

o  cc 


o  3 

U  UJ 

a.  >-> 
a.  > 


I-  ►"  a 


z 
-J  o 
UJ  ■-• 
>  00 

UJ  UJ 
-I  Q 


-I  Z     • 

<  UJ  '-> 

—  i-  O 

u  00  q: 

UJ  >  < 

a  01  o 

00  w  (D 


m 
u 

< 
o 

< 

<_)  — 

00     I 


< 
> 

I 
U  CM 

01     1 
->   CM 


II 
II 
II 
II 

n 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

■  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

H 
N 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
H 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

n 
II 

11 
II 
II 
II 
II 
II 
II 
II 
II 


462 


O)  ID 


O  (D 

z 

o 

OJ 

LU 

o 

h- 

< 

< 

a 

Q 

II 

II 

II 

II 

II 

II 

II 

II 

II  1/1 

II    h- 

II    U 


Z 
i/l  o 

3  I- 

o 

K   < 

<  z 

liJ 

K  a 

o 

Q 
UJ 
N 

(T 

a  o 

o 

a  UJ 

t- 

c/l  < 

z 


o 

z 


cc 

o 
a 


UJ 

_i 

I  Q 

t-  t3  UJ 

to  «  I 

O  UJ  U 

cj  3  00 


00 

^  z 

in  < 

CM  I 

^  c_) 

(O  00 

O  -5 


cs 

^  s 

in  < 

CM  I 

->»  u 

(O  bO 

O  -5 


O 

Ui 

Z  (T 

O  -• 
•-  3 

K  a 

<_)  UJ 

<  cr 


X  I- 


o  >-• 

3 
t- 
o  I- 

UJ  Z 
-5  UJ 
ID  Z 
D  Z 
00  >-■ 

< 
5  ^~ 
UJ  Z 

►H    O 

>  u 

UJ 

(T  UJ 

I  Z 

UJ  kO 

a  1/1 


o  a 
00 

Z  00 
UJ  UJ 

S  (X 
z  a 

<   C£ 
I-   UJ 

Z  > 

o  o 

o 

O  oo 


I  UJ 

I-  a 

3 
O  -J 
z  >-■ 

►I  < 

Q  U. 

3 

-I  u. 
U  O 

Z 

■I  I- 

z 

•UJ 

UJ  Z 
cr  a 
>-  o 

U.   -I 
UJ 

Q  > 

Z   UJ 

<  Q 


I 

UJ 
(T 
UJ 

UJ  X 

Q  H 
t-  "-I 

cr  >  O 

O  O  I- 
a.  cr 

UJ  a  00 

cr  z 

Q  O 

•  z  « 

00  <  K 

O  < 

i-H  UO  Q 

a  1-  z 

<   _l  UJ 

Z  3  Z 

UJ  I/)  Z 

u  UJ  O 

00  cr  u 


CD  3 
U  UJ 

a  >-• 
a.  > 

UJ 

«  a 

z 
-I  o 

UJ  •-> 

>  00 

UJ  UJ 

_l  Q 


<  UJ  --> 

I-  K  Q 

o  00  cr 
UJ  >  < 

a  00  o 

1/1  s^  CD 


U.   00 

o  z 
o 
>  •-> 
t-  I- 
«-•  < 
_i  o 

CD  U. 
»-»  I— t 
00  Q 

<  O 
UJ  Z 
u. 

cr 

1/1  UJ 
oo   I- 

UJ     HH 

00  (D 
00  q: 

<  O 


Z 

O  UJ 

a  K      X 

u.  a      h- 

O  UJ 

Ui  a  o  O 

cj  UJ  ►-•  t- 

<  a  > 

Z  O  00 

<  ■  a  z 
Q  UJ  a  o 

a      « 

UJ  3  o  K 

M  to  z  < 

I—  to  <  Q 

Z  UJ       z 

i-x  cr  oo  UJ 

z  a  t-  z 

«  -I  z 

Z  cr  3  o 
UJ  to  u 

O  >  UJ  UJ 

I-  O  cr  a 


n  3 

(_)  UJ 

cr  •-■ 

a  > 

ui 

"  cr 

z 

-1  o 

UJ  i-i 

>  I/) 

UJ  UJ 

-I  C2 

-J  Z      ■ 

<  UJ  -^ 

«  I-  Q 

U  00  (T 

UJ  >  < 

a  oo  o 

oO  ^  ID 


z 

o  t- 

•-  z 

K  UJ 

O  Q 

<  w 


U  — 
1/1    I 

-)  — 


< 
> 

I 
u  — 

00     I 
-5  <N 


cr 

•-.  u 

q:  00 
O  UJ 
to  Q 


(- 

I/) 

t- 

< 

to 

o 

o 

— ' 

< 

cr 

UJ 
Z  (D 
"  Z 

O  3 

a  z 


o 
o 

U3 


463 


—  03 


O  CD 

Z  O 

IXI  UJ 

O  I- 

<  < 

a.  a 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 

II 
II 
II 
II 

C/l     II 


II 
II 
II 
II 
II 
II 
II 
II 
II  1/1 

M    I- 
II    U 

< 

a 

z 


<  z 

UJ 

I-  a 

o 
i/i 

Q 


ac  o 

o 

o  oi 

I- 

(/)  < 

u 

z 
3 


I 

CM 

o 


o 

z 


a: 
o 
a 


X  Q 
t-  O  ui 
to  «  I 
O  UJ  u 
U  S  01 


II 


z 

1/1  O   II 

->  II 

3  (-    II 

a  II 
I-  <  II 
II 
II 


UJ    II 
M    II 

II 
II 
II 


o 

(X 
UJ  O 

t- 
<  a 

Q  O 
1/1 

UJ  Z 

^  o 

o  a 

1/1 


Q 

UJ 

z  a. 
o  •-• 
•-  3 
K  o 

U  UJ 

<  <r 


z 

O  H 

i-.  Z 

I-  UJ 

U  Q 

<  i- 


(O 
(O 

^  < 

—    I 

■^  o 
If)  </1 

O  -) 


in  o 

^  u 

tf)  I/) 

o  -) 


II 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  ' 

II 

II 

II 

II 

II   (O 


M    ^  < 

II    —  Q 

II    (M  I 

^  U 

^T  1/1 

O  -) 


X    I 
I  (-  O 

UJ      •-■  z 

I  S  3 
O  QC  -J 
1/1  UJ  O  Z 
^  I  UJ  O 

a  H  I-  (J 
UJ  O  < 
5        -  Z 
O  Q  U  >-• 
Q.  Z  O 

z  <  1/1  UJ 


S  t- 
l/l 

a  o 

o  o 

_l  ^ 

UJ  UJ 

>  -1 

UJ  3 

Q  Q  ►1  I-  I- 


z 

o 

I  - 


UJ     I 
«  Q 

>  at 

UJ  < 

oe  o 

UJ 
UJ  (T 
K 

<  (/I 

3  Z 
f-  o 
u.  •-■ 
O  H 
1/1  < 
a 

1/1  z 

(J  UJ 

-  s 
z  z 
o  o 
«  u 

>  UJ 

<  <r 


UJ     • 

o  o 

u 

_i  </i 

-I  < 

■-■  O 

3 

Ul 

I 


UJ 
(3 

z 
<  > 

X  o 
o 
o 

1/1  UJ 

•-■  a. 
X  o 


o  > 

Z  UJ 
«  Q 


UJ  ID  3 

X  U  UJ 

K  cr  — 

a  > 

O  UJ 

(-   M  (T 

(/I 


z 

_|  UJ  i-i 
D  >  1/1 
1/1  UJ  UJ 
UJ  -I  O 

a 

-I  Z    • 

t-  <  UJ  '^ 
(T  >-•  I-  Q 

o  u  1/5  a 

0.  UJ  >   < 

UJ  a.  (/I  o 
cr  1/1  ^  CD 


II 
II 
II 
II 
II 
II 
II  < 

II    UJ 

II  a.  ■ 
II  X  UJ 
II  t-  _i 

II         u 

II  (/)  i-i 
II  1/1  I 

UJ  UJ 
lO  > 


II 
II 

II     LO 


o 
u 

lA 

< 
o 

< 

o  — 
1/1  I 


<  U. 

o 
o 
z  > 

<  K 
UJ 

S  U. 
II    UJ  < 

II  >-l  1/1 
II  > 

II    UJ  O 

II  q:  K 

II 

II 
II 
II 
II 
II 
II 


Q  Q  > 

Z  UJ  -I 

3  _l  t/l 

O  •-•  3 

a  <  o 

O  u.  3 

z 
a  UJ  >-• 

Z  -I  K 

<  o  z 

-•  o 

•(/I  u 

J    1/1  w 

UJ  O 

a  a  Ul 
o      > 


< 
> 


I-  o 
I 

o  s 

—  UJ  Z 

-I  a  o 

U.  U    I 


I 
z  o 

O  K 

ac 

I—  </i 
>  K 

z  -I 
UJ  3 

1/1 

X  UJ 

z  a. 


z  a 

«  o 
a 

z-^.    UJ 

o  a. 


$  z 

O  UJ 

a  z 


—  z 

o 

_i  " 

UJ  (/I 
>  UJ 

UJ  O  • 

_l  ^ 

z  o 

-I  UJ  cr 

<  K  < 

•-1  i/i  O 

o  >  m 

UJ  1/1 

a  w5 

1/1  UJ 

UJ  U  > 

X  a  Ul 

h-  a  q: 


<      I 
> 

I 

O  (N 

t/1    I 


II  < 

II  > 

II      I 

II  U  — 

II  1/1    I 

II  -)  — 

II 

II 


z 
o 


-•  o 
(r  </i 
o 

(/I  Q 


II 
II 
II 
'I 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

K  1/1  I-    II 

<  lyi  u  II 
u  «  <    II 

II 

II 
II 
II 
II 
II 
II 
II 


I-  o 
z  — 

<  I-  (O 

-I  < 

-i  Isl  od 
lij  i_ 

a  oc  CD 

O  3     - 

QC   1/1  — 

a  1/1 

UJ  1/1 

1/1  (T  a. 

O  Q.  O 

a 
ac  o 

O  UJ  K 

Q  > 

<  o  z 


o 

>  a 

_i 
<  -1 

>  - 


II  o  u 
II  •-• 

II   O  1/1 

II    Z  3 

II   UJ  O 

II    -I  3 

II   O  Z 

II   1/1  — 

II  K 

II  1/1  z 

<_)  o 

cr  o 


II 


cc 

UJ 

z  o 

>-  z 

(J  3 
Q.  Z 


O 
O 


a> 


464 


"  00 


O  00 

z  o 

ill  UJ 

<  < 

a  Q 


z 

i/l  O 

u 

H  < 

<  z 

t-  a 
o 

1/1 
o 

UJ 

rvl 

a  O 

o 

O  UJ 

(- 

i/i  < 

u 

z 
ID 


■fvi 

o 


a 

a: 


II 
II 

II 
II 

II 

II 

II 

II 

II 

II 

II 

UJ 

II 

II 

-I  1 

II 

II 

1- 

Z) 

II 

II 

00 

r  Q 

II 

II 

1- 

1- 

O  UJ 

II 

II 

u 

00 

k-< 

r 

II 

II 

< 

o  UJ  o 

II 

II 

a  u  3  </) 

II 

II 

z 

II 

II 

l-H 

II 

II 

II 
II 

II 

—  II 

II 

II 

o 

II 

II 

a:  1 

II 

II 

UJ  O  1 

II 

II 

1- 

1 

1   (0 

II 

;o 

II 

< 

a.  1 

1   00 

II 

IS 

II 

Q  O   1 

1   >K 

< 

II 

>^ 

< 

II 

00    1 

1    ^ 

o 

II 

•— 

Q 

II 

UJ 

Z   1 

1    (M 

1 

II 

CSl 

1 

II 

Z)  o 

1  -V  u 

II 

\ 

u 

II 

o 

a. 

1  ^r 

00 

II 

T 

l/l 

II 
II 
II 

iA 

1  o 

-) 

II 
—  II 

o 

-> 

II 

II 

1    1 

o 

00 

II 

00  O 

II 

1    *-< 

z 

■D 

II 

z 

z 

II 

1    lO 

< 

1 

00 

oo 

-1 

II 

o 

H-l 

II 

1    00 

< 

a: 

1 

cr 

3  H 

< 

z 

II 

Q 

uj  (0  3 

II 

1    O  UJ 

Z  3 

cr 

o 

Z 

cr 

»-« 

UJ 

*-^ 

II 

• 

z 

-J 

I  U  UJ 

II 

1  a  o  o  <J  r  o  UJ 

^ 

HH 

Q  O 

U 

1- 

Q 

II 

X 

Ul 

< 

1-  a  -1 

II 

< 

t- 

O  K 

1- 

0. 

1- 

a  K 

UJ 

1- 

UJ 

00 

cr 

II 

T 

0. 

> 

a  > 

II 

1  00 

X 

UJ  O 

•-i 

Z 

z 

Z 

»-4 

o  t- 

a. 

> 

< 

II 

a> 

o  o      UJ 

II 

1  00 

< 

o 

3(r(r<<o_iS(rooooo 

II 

•— 

* 

a 

1-  «  cr 

II 

1    UJ 

Ul 

Ul 

Ul 

UJ 

_l 

(_) 

a 

O 

■«^ 

03 

II 

0)  o  a 

»-i 

II 

1  00  _i  u.  O  Z  3  O 

_l  00 

a. 

u 

a. 

UJ 

II 

1^ 

z 

a 

oo        Z 

II 

1  oo 

o  <  o  o 

(^ 

UJ 

K 

X  < 

< 

UJ 

I  CD  3 

II 

l-l 

< 

1-  _l  c3 

II 

1  < 

00 

^ 

•-^ 

a. 

00 

a 

00 

1- 

IT 

1- 

u 

UJ 

II 

ex. 

o 

_1    Ul    M 

II 

Q   1 

3  >  <  1- 

z 

O  UJ 

M« 

(T 

00 

a 

l-l 

II 

<_) 

< 

ID 

Z)   >  oo 

II 

UJ    1 

O  O  K 

UJ  U  00  o 

a 

t- 

3  UJ  U 

o  a 

> 

II 

o 

u 

(/I  UJ  UJ 

II 

z 

cr  1 

1  z 

_J 

t-t 

_l 

z 

3  u  a 

3  cr 

00 

1- 

Ul 

II 

K 

00 

Ul  _l  Q 

II 

o 

HH      1 

1  < 

_J 

_l 

3  o 

Ul  00  o 

^ 

ir 

■— 1 

cr 

II 

Z 

UJ 

< 

cr 

II 

1— 1 

Z>      1 

UJ 

t-t 

u. 

-) 

3 

• 

(J  a 

1-^ 

a 

00  O 

00 

»-t 

II 

Ul 

cr 

o 

-1  z 

• 

II 

K-  O    1 

1  3  m  IS 

»-l 

z 

z 

00 

z 

D  00 

Z 

1- 

1- 

z 

II 

Z 

< 

1-    <   Ul 

/-^ 

II 

u 

Ul    1 

1    UJ 

»-l 

o 

»-4 

Ul 

»-« 

00 

> 

UJ 

o 

< 

_i 

-1  o 

II 

UJ 

3 

_l 

QC   —  1- 

o 

II 

< 

cr  1 

>-* 

UJ 

00  z  (J  1- 

>  5  O  -I 

> 

D 

3 

Ul 

l-l 

II 

-1 

1- 

< 

O  U  00 

cr 

II 

1  > 

_l 

00 

o 

z 

_l 

cr 

a 

< 

-1 

Ul 

1- 

00 

> 

00 

II 

a. 

u. 

z 

a  Ul  > 

< 

II 

1   Ul  0)  O 

z  o 

< 

o 

X 

Z 

< 

X  O  UJ 

Ul 

UJ 

II 

Z  o 

UJ  a.  00 

o 

II 
II 
II 

1   (T 

'-' 

a 

1- 

1— 1 

<-) 

> 

u. 

UJ 

< 

>  1- 

< 

a 

-J 

Q 

II 

-  II 

II 

1— 1 

00 

U- 

CE   00  w 

IQ 

II 

II 

II 

II 

II 

II 

II 

II 

II 

z 

II 

II 

O  1-    1 

1    < 

00 

II 

< 

00 

II 

Z   1 

1    > 

II 

> 

II 

1- 

Ul    1 

1     1 

II 

1 

II 

u  o  1 

1  u 

•— 

It 

u 

•— 

II 

< 

>-H 

1  1/1 

1 

II 

00 

1 

II 
II 
II 

1 

1  -> 

•" 

II 

—  II 

-) 

•" 

1 

II 

II 

1 

> 

< 

II 

1- 

II 

1 

1  -J 

> 

II 

u. 

II 

1 

1  > 

^ 

II 

O 

II 

1 

UJ 

II 

00 

II 

1 

a.  o 

z 

II 

II 

Z    1 

1  1- 

4 

o 

II 

00 

II 

O   1 

1   2 

■X 

II 

Z 

II 

l-l   1 

< 

1- 

II 

O 

O 

II 

1-  1 

1  u 

Ul 

< 

II 

Z 

II 

a.  1 

1  < 

-J 

z 

II 

I 

l-l 

II 

»-•  1 

o 

II 

T 

o 

II 

cr  1 

CO 

LO 

1- 

II 

01 

< 

II 

^-1 

O    1 

1  o 

3  UJ 

II 

— 

o 

II 

cc 

LO     I 

1    IZ 

O  Q 

II 

01 

11 

Q 

UJ 

1   '^ 

-1 

II 

1^ 

Ul 

II 

00 

Q    1 

1    OO 

_l 

cc 

II 

a 

II 

1   2  UJ  O 

II 

q: 

< 

II 

^^ 

1   O  CD 

a. 

II 

o 

3 

(1 

1- 

00 

1- 

II 

II 

< 

I/) 

o 

II 

II 

u 

•-• 

< 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

1 

II 

II 

a 

II 

II 

II 
'1 
II 
II 

II 

z 

o 
a 

UJ   * 

m 

s 

Z 

1  o 

1     CM 

1  o 
1  o 
1    lO 

II 
II 
II 
II 

II 
II 

CM 

o 
o 

■S) 

465 


CM   tO 

—  oo 

II 

II 

■^" 

■^" 

"" 

■ 

■ 

■ 

■ 

■ 

II 
II 

^ 

II 

II 

II 

II 

II 

_ 

II 

II 

II 

•  -^ 

II 

II 

II 
II 
II 
II 

O  00 

H 

UJ    II 

z  o 

II 

-1  II 

II 

K  D   II 

UJ  UJ 

II   lA 

X  O   II 

II 

O  1- 

II   1-  H  O  UJ    II 

II 
II 
II 
II 

<  < 

II   O  m  ii  X    II 

a.  a 

II    <  O  UJ  U    II 

II  a. 

U  3  (/I   II 

11  z 

II 

II 

II  •-■ 

II 

II 

II 

II 

II 
-   II 

II  — 

M 

II 

II 

II 

O   II 

II 

II 

cr  II 

II 

II 

UJ  O  II 

H 

II 

\-         II   (0 

(O 

II 

II 
II 

<  K   II  O 
Q  O   II   ^  < 

< 

II 
II 

II 

(/)  II  in  o 

in  a 

II 

II 

UJ  z  II  —  1 

^ 

1 

11 

II 

3  O  II  ^  o 

^ 

u 

11 

II 

o  a  II  IT)  (/) 

\fl  IT) 

II 

II 

to  II  o  -) 

O 

—> 

II 
-  II 

M  — 
II 

II 

II 

II 

II    _l  C/) 

(/I 

II 

II 

II   3  H 

u 

1 

1 

II 

II 

II  o  u 

N-t 

z 

UJ 

II 

II 

II    UJ   < 

z  z  o 

o 

• 

UJ  ID  3 

II 

II 

II  xai/>ooot3 

CO  r  u  UJ 

II 

II 

II    U  S 

(^ 

»^ 

1-4 

UJ  Z  UJ  U  >-  (T 

•-< 

II 

II 

\\  ly)  •-> 

1 1-  >  a 

•-I 

m  </i 

Q.  > 

II 

II 

II  >» 

1-  u  < 

o 

<  o 

UJ 

II 

II 

II  IT  a: 

z 

• 

(T  -1  O  t- 

*-H 

a 

II 

1/1    II 

II  uJuJX3-JX< 

_i 

►-4 

II 

Z   II 

II  5XI--J-JUJO 

H-( 

UJ 

l/> 

z 

II 

l/>  O    M 

II   O  H 

»^ 

z 

< 

*-« 

UJ  3  X  (-  -1  O 

II 

HH      II 

II  a.  o  s  O  cr>  a 

1- 

-1 

UJ 

*-4 

II 

3    1-      II 

GHZ 

(J  UJ  UJ 

UJ 

3 

>  1/1 

II 

U    II 

UJ   II  <  o  o 

>  (T  1/1  O  > 

(/I 

UJ  UJ 

II 

h-  4    II 

z  a  II  z  z  UJ 

z  o 

Z 

z 

(0  UJ 

-1  o 

II 

II 

O  '-'  II        < 

1- 

•-H 

UJ  O  < 

cr 

II 

<  Z    II 

>-i  3  II  a 

< 

z  cr 

!-• 

I  Q 

-1  2 

• 

II 

UJ    II 

H  O  II   O  H 

tmt 

UJ 

< 

< 

K  U 

UJ 

H 

< 

UJ 

^—^ 

II 

1—  Q.    II 

U  UJ    II    -1  (/)  U  O 

5  < 

a  cr 

»-« 

K- 

a 

II 

O    II 

<cr  II  aioozXHQviooo 

1/1 

cc 

II 

i/)          II 

II   >  u 

1/1 

< 

1- 

u. 

z 

l-H 

_i 

a 

UJ 

> 

< 

II 

Q   II 

II    UJ  ^ 

1/1 

I 

»-l 

ouJXujujai/io 

II 

UJ    II 

11  a  UJ 

< 

U  S  1/1  S  1- 

> 

a 

(/I 

^-^ 

(D 

II 
—  II 

fNj     II    — 

1-1    •"!      II 

II 

II 

a  II 

II  o 

II 

cr  O  II 

II  u 

II 

J  II 

II  >/) 

II 

a  UJ  II 

II  < 

II 

1-  II 

Z        II  o 

II 

1/1  <  II 

O  1-   II   ^ 

to 

< 

lyi 

II 

U    II 

—  Z    11   < 

> 

II 

Z    II 

I-  UJ  II  O 

1 

II 

3    II 

O  Q   II   U  — 

o 

CM 

II 

ti 

<  HH    II    (/>    1 

(/I 

1 

II 

II 

II   ->  <N 

-) 

CM 

II 
—  II 

11  — 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Z   II 

II 

II 

O   11 

II 

II 

1-1  II 

II 

II 

1-  II 

II 

II 

a  II 

II 

II 

•-■  II 

II 

II  . 

a.  II 

II 

M 

►H    <J      11 

II 

II 

(T  c/)   II 

II 

II 

a  ui  II 

II 

II 

1/1  O   II 

II 

II 

II 

II 

II 

II 

II 

II  ~" 
<T           II 

I-  l/l  h-    II 

II 

1            II 

<  </)  U    11 

II 

CS|           II 

O        II  - 

U  >-  <    11 

._ 

._ 

._ 

._ 

._ 

_^ 

__ 

._ 

__ 

__ 







II 
—  II 

"        II 

II 

II 

CM            II 

II 

II 

II 

II 

II 

II 

II 

II 

O         II 

II 

II 

Z         11 

cr  II 

II 

II 

UJ    II    IM 

II 

1—         II 

Z   CD    II    CM 

II 

tr       II 

-  S   ii  o 

II 

O         .1 

U  3   II   o 

II 

a       II 

a  z  II  lO 

II 

aJ         M 

II 







II 

466 


O  CO 

z  o 

lU  UJ 
O  I- 
<  < 

a  a 


» 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

00     II 


<  z 


a. 

o 


O  liJ 


I 


o 

z 


a: 
o 
a 


1/1 


II 


z 

to  O  II 

■-I  II 

D  I-  II 

<_)  II 

K   <  II 


UJ 

_l 
I-  Z3 
X  Q 
K  I-  (J  UJ 

o  to  «  r 

<  O  UJ  CJ 

a.  u  3  i<o 

z 


O  M 

LLI  II 

N  II 

■-  «-.  II 

CC  II 

q:  o  II 


II 
II 

h-  II 
<  II 
U   II 


O 

(T 

UJ  O 

I- 

<  oc 
a  o 

UJ  z 

3  o 

o  0. 

to 


o 

UJ 
Z  IX 

o  -■ 
•-•  3 

K  O 
U  UJ 

<  a: 


z 

O  K 

-•  Z 

I-  Ul 

U  Q 

<  l-H 


z 
o 


CE 

q:  t/1 

O  UJ 
(/)  Q 


I-  00  I- 
<  to  U 

u  •->  < 


CO 

^  < 

O    I 

^  o 

ID  00 
O  -) 


(C 

(O 

CD 

a> 

^  < 

^  < 

lO  Q 

U3  Q 

O  1 

O  1 

^  O 

^  U 

W  00 

in  CO 

o  -) 

o  -> 

_l  oo 

a  u 

UJ  <  z 

I  a  to  o 

US"" 

00  «  X  I- 

^       h-  u 

oc  oc  z 

UJ  Ul  X  3 

S  I  I-  -) 

O  I-  -•  Z 

a  o  3  o 

z  u 

<  o  o 

Z  Z  Ul  z 

<  I-  -• 

a.      < 

O  I-   >-'  UJ 

_i  to  u  o 

UJ  o  o  z 

>  O  00  < 

UJ  ^  to  X 

Q  UJ   <  U 


to 

U    I 

-•  z 
z  o 

O  (J 

M    UJ 

>  cr 

< 

-I  i 

-J  UJ 

<  •-• 

(X  > 

UJ  UJ 

>  <£ 

o 

UJ 

z  cc 

<  < 

3 
X  I- 

I-  U. 

-,  o 
3  00 


Z  UJ 

•-•  m 
a 

IX  -I 

<  -I 

UJ  3 

UJ 

00  o 

Z  z 

O  < 

■-  X 

I-  <_) 

< 

Q  00 

z  — 

UJ  X 

Z  I- 


U  UJ 
00  I 

<  I- 

O 

O 
UJ  (- 

I 

K  to 
I- 

>  _J 
(D  => 

CO 
O  UJ 

UJ  cr 
a. 

O  I- 

-I  a 

UJ  o 

>  a 

Ul  UJ 
O  (X 


m  3 

(_>  UJ 

q:  •-■ 
a  > 

UJ 
■-■  (X 

z 
-I  o 

Ul  ■-■ 
>  00 
Ul  UJ 

-I  o 

-I  z    • 

<   UJ  -^ 

►1  I-  Q 

U  00  (X 

UJ   >  < 

a  00  o 

CO  ■—  (D 


M 

z 

t- 

UJ 

-1  z 

a  z  Ul 

m  3 

-1  UJ  -1 

UJ 

> 

Z  UJ  X 

U  UJ 

<  Q  < 

> 

K 

<  a  t- 

cx  i- 

■-  Z 

< 

l-H 

(X    •"• 

a  > 

>   o 

X 

_l 

UJ   -DO 

Ul 

u.  -  ►« 

>— 1 

Q  1-  O  1- 

•-  ct 

«  to  K 

t- 

CO 

►1  1-1  UJ 

>-* 

IX  UJ  i-i 

< 

»— t 

01  (D  Ct  00 

z 

UJ  q:  o 

I 

00 

Z  (X   1- 

-1  (J3 

>  -D  a 

1- 

»-« 

O  O  H  -1 

UJ  •-■ 

Q  < 

> 

O  1  I  3 

>  OO 

O  Ul 

00 

Z  CJ  00 

UJ  UJ 

z  o  > 

UJ 

G 

•  O  '-'  UJ 

-1  Q 

<  o  z 

cr 

Z 

00    _j  tx 

(X  < 

■D 

< 

Z  -U. 

-1  Z 

3  a 

Q 

UJ  1-    1- 

<  UJ 

-— N 

UJ   O 

UJ 

I 

-1  z  >  cc 

>-•  1- 

Q 

-  3  Z 

u 

<_) 

01  UJ  cr  o  u  00 

a 

>  UJ  « 

O 

< 

O  U  1-  Q. 

UJ  > 

< 

uj  a:  > 

(£ 

UJ 

a  00  z  UJ 

a  00 

o 

<x  I->  u. 

a 

cx 

a  <  UJ  q: 

00  w 

CO 

ffi 
u 
I/) 

< 
o 

< 
o 

u  — 
00  I 
-)  CM 


< 

00 

< 

> 

Q 

o 

(N 

U 

_ 

00 

I 

00 

1 

-> 

r-i 

-5 

r> 

X  a 

O  3 
<  Q 
UJ 

a.  > 


UJ   -I 

Z   ■-■  K 

<  m  z 
a  HI  ul 

CO  u 

•  >-i  to 
(X  >  < 

I- 

1/1  Q  (J 

z  z  z 

•-^     ^     ^H 


Z  ID 

•-  Z 
U  3 
Q.  Z 


467 


—  tJJ 


o  oo 

z  o 

UJ  ILI 
<  < 

a  o 


II 
II 
II 
II 
II 
II 
II 
II 

II  en 
II  H 
II   U 


II 
N 
II 

II 

II 


II 

II  I 
II  : 
II  I 
II 

II  - 
II 
II 

N 

M 

H 

II 

II 

II 

II 

II 

II 

II 

II  • 

II 

n 

H 

II 
II 
II 
II 
II 
II 
II 

I/)  II 

z  II 
I/)  O   II 

■-•  II 
■D  h-    » 

U  II 
K  <  II 
II 
II 


-I 

H  Z> 

X  Q 

I-  O  UJ 

lO  ►-■  X 

O  UJ  U 

O  J  00 


<  z 


UJ    II 


■  a 
o 


I/)  4 
U 

z 

3 


II 
II 
II 
II 
UJ    II 

^4  II  - 

•-■  i-i  II 

•  a  II 

a  o  II 

O   II 

Q  UJ    II 

K    II 

li 
II 

H 

II 

II 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


O 


O 

z 


o 


o 

UJ  O 


<  at 
a  o 

00   II 

ui  z  II 
r>  o  II 
o  a.  II 

iA    II 

II 

II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

M  (0 

II  at 


II 

II  to  o 

II 

II 


o  I 

>v  (J 

II  m  I/) 


(O 

oo 
"^  < 

(0  o 
O  I 

in  10 

O  -5 


II 
II 
II 
II 
II 
II 
It 
II 
II 
II 
II 
II 
II 
II 

M 
II 

II 

M 
II 

n 
II 

II  (O 

II 
II 
II 
II 
II 


II  _i  to 

II  D  I- 

II  a  u 

II  UJ  < 

II  X  a 

II  u  z 

II  10  li 

II  ^ 

II  K  IT 

II  UJ  UJ 


10 

u 


Q 

UJ 

Z  OC 

O  •-• 

I-  O 
U  UJ 

<  ce 


3  X 

O  K 

0.  o 

z 

<  Q 

2  Z 


z  z 

00  O  O 

NX    ^4    ^H 

1  H  > 
1-  O  < 

z 


►-  Z  <  I 
3  O  K 

U  UJ  I 
Q        >  I 

Z  O 


-I  5 


a 

o  H 

_l  00 

II   UJ  o 

II   >  u 

II    UJ  ^ 

O  UJ 


<!-•-■ 


II 
II 
II 
II  m 

II   u 
II    lO 


I- 

<  z 

i-i  UJ  < 
(J  U 
O  Z  X 
00  <  I- 
00  X  — 

<  U  J 


(3 

Z  UJ 

•-•  m 

Q 

at  -I 
<  -I 
O  ►-* 
UJ  3 
IT 

UJ 
lO  O 

z  z 

o  < 

-■  X 
I-  u 

< 

Q  01 
Z  "-■ 

UJ  X 


O 

U  UJ  (O 

00  I  O 

<  K  a 

o  a. 

o 

UJ  »-  •-• 

X  " 
I-  00 

I-  -I 

>  -I  UJ 

m  3  > 

00  UJ 
O  UJ  -I 
UJ  IT 

a  -I 
o  H  < 

_l  (T  ►- 

UJ  o  u 

>  a  UJ 
UJ  UJ  a 
Q  ir  00 


UJ  ^ 
I-  Q 

00  tr 
>  < 

00  O 


<o  < 

O    I 

^  u 

II   If)  oO 
II   O  -J 

II 

II 
II 
II 

n 
II 
II 
II 
II 
II 
II 
II 
II 


o 

o 
>  z 

I-  ►- 

I-I  Q 

-I  -I 
It  tu 


(SI  UJ  m  3 

r  u  UJ 

Q  H  oe  -• 

z  Q.  > 

<  O         UJ 

t-  -^  a 


II   ID 


II 


Z 

O  I- 
•-  Z 

I-  UJ 
U  Q 

<  — 


o 

< 
o 

o  — 


t/1 


II    00    I 


-)  (N 


II 

II 

II 
II  a. 

II    wO 

II      I- 

II    CO 
II    (S  ^ 

II       I- 
u  z 


<      I 
> 
I 

(J  CM 

OO    I 
-J  (N 


►H     X 

II    00  00 

II  < 
II  UJ  13 

M    U.   Z 

II 

II  1/1  o 

II  to  •- 

II  UJ   > 

II  00  o 
II  00  a 
II  <  a 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


00        z 
h-  _l  O 

-I    UJ    H-l 

3  >  oo 

00  UJ  UJ 
UJ   _l  O 

tr 

-I  S    • 

1_  <  UJ  ^ 

(X  1-.  K  Q 

3  O  (J  00  (T 

H   Q.  UJ   >  «t 

UJ  UJ  O.  oO  O 

ffi  q:  uo  ^-'  (D 


II    00 

II 


< 

UJ 

I 

u  •- 
I 


II 

H  X 

II  10 

II 

II  H 

II  Z 


■-I    II     II    UJ  UJ 

^11   II  a.  s 


tr 

<->  u 
a  to 

Q  UJ 
10  Q 


II    10  UJ 

II       o 

II   1/1  <  10 

II 

II 

II 

II 

II 

II 


U.  Z 

a  < 

z 

Q 

Q  00 
<  U 


z 
o 
o 
o 

3  -J 

II  a  UJ 


II 


I-  lO  f-  II 
<  CO  O  II 
U  —   <    II 

II 
II 
II 
II 
II 
tr  II 

UJ  II 

Z  IQ  II 

~  Z  II 

U   3  II 

a  z  II 
II 


II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II    <T 

II    (N 
II    O 

II  o 
II   (O 


II   (O 


468 


in 

CO 

II 
n 
II 
It 
II 

II 
It 
tl 
II 
It 

It 

H 
II 
II 
II 

II 
II 
II 
II 
tl 

o 

(D 

II 

Ui 

tl 

II 

It 

z 

o 

II 
II 

1- 

-1 
3 

It 
It 

II 
II 

11 
tl 

UJ 

aj 

II 

iA 

X  Q 

It 

II 

II 

O 

1- 

II 

H  f-  O  UJ 

It 

II 

II 

< 

< 

II 

O 

1/1  l-l 

i  X 

11 

II 

II 

a.  a 

II 

<  O  UJ 

(J 

It 

II 

II 

II 

a. 

(J  3  I/) 

It 

II 

II 

II 

s 

II 

II 

II 

II 

^-« 

II 

H 

II 

II 
II 

II 
II 
II 

tl 

—  tl  ^— 

II 

II 

It 

It 

II 

o 

It 

II 

II 

II 

(T 

It 

n 

II 

II 

UJ  O 

II 

II 

II 

II 

(- 

tl 

(0 

It  (O 

II    (0 

II 

< 

a 

II 

00 

tl   CO 

II  a> 

II 

QO 

It 

^ 

s 

II  ^ 

s 

It  ^ 

s 

II 

(/) 

It 

<o 

< 

II    CD 

< 

It  — 

< 

II 

UJ 

z 

It 

a 

1 

II    O 

1 

11  o 

1 

II 

3  O 

It 

V.  O 

II    -^ 

u 

It  ^ 

(J 

II 

O  0. 

It 

[ft  1/) 

II   03 

to 

It   01 

l/l 

It 
It 
II 

l/> 

11 

II 

o  -> 

11   O 
-  It  -^ 

-> 

II  o 

-5 

It 

11 

It 

tl 

II 

O 

II 

1- 

It 

o 

o 

II 

II 

Z  1- 

II 

1 

oc 

u 

It 

z 

1 

X  1-         1 

H 

It 

1- 

< 

cr 

-I 

II  z 

1-  O  UJ 

It 

< 

3  O              < 

II 

It 

u. 

z 

o  <  z 

• 

II   O  3  U. 

-i 

It 

cr 

-I 

a  t-  t-  a  H 

II 

11 

o  <  I/)  a 

^^ 

UJ 

/-\ 

II   •-. 

X 

o 

It   z 

UJ 

_1 

<  «  «  O  UJ 

II 

II 

o 

UJ 

Ui 

o 

t- 

o 

tl   1- 

to 

X 

cc. 

II    O  UJ 

< 

3  S  u.  Z 

II 

II 

> 

•-H 

z 

QC 

UJ  in  at 

11   < 

o 

a. 

II  l-l 

z 

1- 

UJ  to  m      UJ 

II 

II 

t- 

U. 

^1 

a. 

> 

< 

11   _l 

3 

K 

UI 

a 

II  1- 

•>^ 

to 

K          3  CD   _l 

II 

II 

i-( 

l-< 

_i 

• 

to  ;/>  O 

It   _l 

a. 

(-H 

a. 

K 

3 

II  < 

13 

z 

<  1-  to  u  a 

(/> 

II 

II 

-t 

z 

1- 

^.^ 

at 

It   < 

< 

3 

3 

< 

O 

II  o 

Z 

cr  "      cr  z    • 

Z 

11 

II 

1^ 

O  O  Z  UJ 

tl   H 

to 

o 

*-H 

> 

II  "— 

UJ 

<  (D      a  "  esi 

(/I  O 

It 

II 

ffl 

t-t 

Z  UJ  X  01  3 

II   to  UJ 

> 

cr 

It   u. 

X 

Q.  i-H     .              o 

*-4 

II 

It 

t~t 

I/) 

»-H 

S  K  <J  UJ 

tl   Z  1- 

1- 

a 

o 

It   >-l 

Q 

to 

UJ  X  3  ►-  z  — 

D  t- 

It 

o 

11 

to 

o: 

a. 

at 

HH 

11   « 

< 

1— ( 

z 

o 

H 

II   Q 

Z 

»-l 

to  z  a  «  o  1 

u 

It 

UJ 

II 

< 

03 

1-^ 

<-H 

o  a 

> 

It 

iz 

(D 

h-l 

ac 

a 

It   O 

< 

_l 

—  <      —  > 

K  < 

It 

z  a 

It 

UJ  Z  3 

3  1- 

UJ 

It   1- 

< 

^m4 

a. 

Z 

o 

II   S 

a. 

<             -1  1-  o 

II 

o 

»-4 

II 

u. 

*-i 

O 

i-i 

q: 

It   Z 

0. 

X 

3 

a 

o 

1- 

II 

UJ 

z 

Z  X  UJ  < 

< 

z 

It 

I-H 

■D 

II 

1- 

a 

UJ 

t/i 

i-H 

It    UJ 

UJ 

z 

a 

< 

1— « 

u 

It    UJ 

q: 

O 

U-  3  u  >  u  z 

UJ 

It 

K  O 

11 

to  o 

UJ 

1- 

z 

II  Z 

to 

< 

t- 

< 

It   O 

< 

O  O  O  <  UJ  —  — 

(- 

a 

II 

(J  UJ 

II 

to 

UJ 

to 

a 

-1 

-1  o 

II    UJ 

UJ 

u 

a 

It   " 

3  U 

O  UJ  _J  u. 

o 

II 

< 

(T 

It 

UJ 

1- 

O  UJ 

3  UJ 

•-I 

It  _l 

< 

z 

I 

3 

OJ 

t- 

It   > 

Q 

< 

z  ^-          -.  z 

i/l 

II 

It 

to  o  a. 

I  to 

> 

to 

It  a 

3 

o 

1/1 

q: 

z 

II   O 

ae. 

o  3  cr  UJ  Q  o 

o 

II 

It 

1/1 

a 

X 

K 

tu 

UJ 

UJ 

It  s 

u. 

o 

< 

1/1 

*~i 

o 

II  cr 

< 

o 

-<  X  O  X  O  "- 

UJ 
M 

II 

II  ' 
II 

It 
II 
tl 

< 

a 

UJ 

o  at 

-J  a 

It      l-H 
_    II   .^ 

o 

Q 

UJ 

'-' 

Q  O 

It  a 

I 

1- 

1-  to  U.   K   Z  t- 

„ 

tl 

It 

a 

II 

It 

II 

tl 

a 

o 
o 

It 
It 

It 
It 

II 
II 

II 
II 

Q  UJ 

II 

It 

It 

It 

0 

h- 

M 

z 

It 

II 

It 

t/i 

< 

II 

O  K 

It 

< 

to 

tt  < 

to 

II  <t 

to 

U 

II 

>-« 

Z 

It 

> 

II  > 

It  > 

z 

It 

1- 

UJ 

It 

1 

11    1 

II    1 

3 

It 

U  Q 

It 

o 

¥- 

II   u 

*- 

II   o 

w~ 

It 

< 

•-I 

II 

to 

1 

II  1/1 

1 

II   to 

1 

II 
II    ' 

It 

II 

-5 

fSI 

II  -) 
-  II  — ^ 

— 

II  -> 
—  II  — 

— 

It 

II 

II 

It 

It 

It 

II 

II 

II 

It 

II  z 

II   z 

II 

It 

II  s  z 

II   3 

z 

II 

II 

MOO 

II   O  O 

H 

II 

II  o 

*-t 

II    O 

1— 1 

II 

Z 

II 

It  1- 

1- 

II   1- 

t- 

II 

o 

II 

11    3 

u 

II    3 

o 

II 

»-t 

II 

tl   X 

z 

It    I 

z 

II 

K 

M 

It  to 

3 

II  to 

3 

II 

a 

II 

It 

u. 

It 

u. 

II 

*-i 

II 

It  o 

It   O 

II 

cr 

II 

II    H 

1— 

II  1- 

1- 

11 

*— • 

o 

II 

II  z> 

h^ 

II    3 

»-« 

II 

cr 

to 

II 

II  < 

CQ 

II    < 

IS 

It 

O  UJ 

11 

II 

II 

11 

I/)  Q 

II 

11    3 

X 

11   3 

X 

II 

It 

II  a 

z 

II  a 

z 

II 

II 
II 
It 

II  < 

•    II   •""■ 

'" 

II  < 
—  II  ^— - 

"- 

t 

II 

1- 

lO 

t- 

II 

It 

1 

II 

< 

I/) 

u 

It 

It 

II 

O 

II 

o 

— 

< 

II 
II 

II 

It 

II 

II 

II 

II 

CN 

11 
II 
II 

II 

II 
II 

II 
It 

11  — 

II 
It 

It    <N 

o 

II 

II 

11  a 

It  cr 

z 

II 
II 

a. 

UJ 

It 
It 

o 

II 

II    (N 

It 

II    CM 

1- 

II 

z 

OD 

II 

tn 

II  m 

II  n 

a 

II 

t— t 

s 

II 

o 

II  o 

II  o 

o 

II 

u 

=! 

II 

o 

It  o 

II   o 

a 

II 

a 

Z 

II 

U3 

It    10 

II    iO 

II 

_. 

_ 





II 

II 

II 

469 


<0(0 
—  00 

II 

II 

^^■~ 

~~^~ 

"*■*"*"" 

11 

■ 

It 
It 
II 
II 
II 
II 
II 

>» 

H 

II 

II 

II 

II 

II 
II 

II 
II 

•  >^ 

H 

II 

H 

ooo 

II 

UJ    II 

M 
H 

z  o 

II 

-1    II 

II 
II 
II 
II 
II 
II 
II 
It 

II 

1-  D   II 

H 

Ui  lU 

II   l/l 

I  Q  II 

II 

o»- 

II    H  1-  O  UJ    II 

II 

<  < 

II   O  1/1  •-■  X   II 

II 

a  a 

II   <  O  UJ  U   II 

II 

II  a  u  s  </)  II 

II 

II  S 
II  »-• 

II 
II 

II 
II 

II 

II 

11 
—  II  — ^•"■— - 











It 
-  II 

II  — 
II 

II 

II 

II 
II 
II 
II 
II 

N 
II 

II 

(3  11 

11 

II 

K   II 

II 

UJ  O   II 

II 

H         II   1 

D 

(0 

II   lO 

(O 

<  (X   II   1 

S 

03 

II   CO 

00 

Q  O   II   ■ 

^  Z 

•^ 

z 

II    >v  Z 

^. 

z 

(/)   II   ' 

"  < 

*- 

< 

II   (O  < 

(O 

< 

II 

UJ  Z   II   1 

a  1 

o 

1 

II   O    1 

o 

1 

II 
II 

3  O  II  ■ 

^  o 

^ 

u 

11  ^  o 

^v 

u 

Q  0.   II   1 

5)  «/> 

01  l/l 

II  m  (/I 

UI 

l/l 

II 

II 

l/l   II   1 

O  -) 

o 

-J 

II   O  -J 

o 

-> 







M 

-   II 

II  — 
II 

II 

II 

II 

II 

II 

11   z 

Z  X 

UJ 

II 

II 

II 

II  O  UJ  O  1- 

cr 

z 

11 

II 
II 
II 
n 
II 
II 

11 

II  •-■  -i 

•-• 

I-* 

1- 

-1 

3 

UJ 

It 

II 

II  i-3K3a(r<z 

00 

UJ 

1- 

UJ  ffi  3 

It 

II 

II   <  Q 

< 

UJ  O 

!-• 

UJ 

/^ 

Z 

ID 

oo 

I  O  UJ 

It 

II 

II    O  UJ 

Z  Q  Q  Q.  U  1-  Q 

UJ 

UJ 

> 

a 

H 

cr 

>-t 

It 

II 

II   Z  X 

t^ 

UJ 

Z  UJ  UJ  l/l  IT 

-1 

I 

00 

IT 

a. 

> 

II 

II 

II  UJ  u  z  1-  <  a 

a. 

> 

< 

O 

-I 

h- 

< 

O 

UJ 

II 

II 
II 
II 

II 

11  Z  i/> 

*^ 

<  Z 

l/l  l/l  o 

h- 

I-* 

UJ  O  1- 

HH 

ce 

It 

</> 

II 

11  z  ^ 

-1 

z 

>— ' 

OD 

S 

X 

I 

CO 

•— • 

It 

z 
Ln  o 

II 

II   O  H- 

UJ  U  O  UJ  UJ 

z 

1- 

1- 

l/l 

z 

II 

II 

It 

II    O  l/l 

O  U  (T 

r 

(D 

3 

< 

CO 

»-i 

i  1- 

-I  o 

II 

II 

II 

11    UJ  O 

cr 

l/l 

z 

D  (-  O  UJ 

-1 

Q 

S 

u. 

UJ 

_J 

UJ 

HH 

11 

:d  I- 

o 

1—  < 

11 

Q   II 

11  a  u  o  1.1 

3i/> 

OC 

>-• 

a 

O 

o 

H^ 

3 

> 

00 

It 

II 

uJ    II 

II 

u. 

< 

l/l  o  a 

> 

01 

1- 

> 

l/l 

UI 

UJ 

II 

II 

Z  OC   II 

11  <  o 

UJ 

UJ 

K 

UJ 

< 

z 

I/) 

UJ 

UJ 

-I  a 

It 

II 

O  -   II 
i-i  3   II 

II        z 

- 

l/l 

> 

cr 

>^ 

cr 

UJ 

UJ 

z 

IT 

q: 

It 

<  z 

UJ 

II 

II  a.  •-■ 

l/l 

■X. 

»-« 

0.  l/l 

l-H 

a 

I 

1- 

o 

_i 

z 

II 

II 

1-  O  II 

II  o  o 

1- 

iA 

in 

1- 

z 

o  V- 

00 

»-* 

Z 

1- 

< 

UJ 

'^ 

II 

1-  Q. 

O 

II 

U  Ui   II 

II    _l  3 

o 

*-« 

l/l 

UJ 

-1 

-1  O 

_i 

t— 1 

l/l 

u 

cr 

•-» 

1- 

o 

It 

II 

<  (T    II 

II    UJ   -1 

< 

q: 

UJ 

a: 

D 

UJ 

*-i 

UJ 

1- 

l/l 

»-< 

•-« 

o  u 

00 

cr 

It 

II 

II 

II  >  u 

a. 

u 

< 

01 

> 

01 

> 

< 

z 

o 

00 

a 

UJ 

> 

< 

It 

Q 

UJ 

rsi 

II 

II 

11   UJ  z 

z 

U. 

X 

q: 

UJ 

UJ 

UJ 

UJ 

r  o 

UJ 

UJ 

UJ 

a 

1/1  O 

II 

It 

II 

II    Q  •-• 

*-* 

O 

UJ 

m 

cr 

-I 

Q 

a 

y- 

l_l 

a 

Q 

cr 

00 

^^ 

m 

II 
—   II 

II  — 
II 

II 

~"    II   ^^•^— 

II 

11 
II 
II 
II 
II 
II 

a. 

II 

II 

11 

cr  O 

II 

II 

II 

O 

II 

II 

II 

O  HI 

II 

II 

II 

h- 

II 

Z          II 

II 

on  < 

II 

O  K    11 

<        l/l 

< 

l/l 

II  < 

l/l 

< 

l/l 

II 

u 

II 

—   Z    II 

> 

> 

11  > 

> 

II 
II 

z 

II 

1-  UJ    II 

1 

1 

II    1 

1 

D 

II 
II 
II 

U  Q    II 

<   >-i    II 

II 

U  CM 

l/l     1 

->  - 

l_) 
l/l 

-1 

en 

1 

It  u  — 
II  1/)  1 
II  -)  •- 

u 
l/l 

-1 

1 

II 
II 

II 
—   It 

II 

II 

~~    II    "^^~" 

11 

It 

II 

II 

II 

II 

II 

II 

II    UJ 

II 

II 

II 

II  :L 

II 

It 

II 

II  < 

II 

II 

II 

11   (X 

II 

II 

Z    II 

II   (D 

II 
II 

II 

O   II 

II 

M 

-I  II 

II   Q 

II 

II 

1-  II 

II    ol 

II 

II 

Q.    II 

II   O 

II 

II 

—  II 

It    Z   UI 

II 

ac  It 

It  <  cr 

11 

II 

«  U    II 

11   S  3 

II 

II 

tr  l/l  II 

It   S  i>o 

II 

II 

O  UJ   II 

It  O  i>^ 

II 

It 

l/l  Q    II 

II    U  UJ 

II 

II 

II 

It 
II 

It    Z  (T 

una 

II 

II 
—   It 

T 

It  — 

It 
II 

1-  l/l  t-  II 

<  l/l  U    II 

II 

It 

II 
II 

(SI 

It 

U  -•  <    11 

ti 

It 
—   It 

o 

II  — 

II 

•^— ^— -^—  II 
II 

It 

II 

CN 

11 

It 

II 

II 
II 

It 

II 

It 

II 

II 

tM 

11 

II 

o 

II 

It 

CE 

II 

II 

z 

It 

II 

cr  It 

UJ     II 

(N 

II 
II  « 

II 
II 

1— 

II 

z  tn  II 

n 

II  n 

II 

a: 

II 

«  S   11 

o 

II  o 

II 

o 

It 

U    3    It 

o 

II  o 

II 

a 

It 

Q.   Z    It 

lO 

It  ifi 

It 

UJ 

II 

'I 

II 









__ 

___ 











470 


r-  to 

—  as 


o  ta 
z  o 

UJ  UJ 

<  < 

a.  o 


II 

II 

II 

II 

II 

II 

II 

II 

II  (/I 

II  I- 


</) 

z 

I/)  O 

O 
I-  < 

<  z 

UJ 

I-  a 
o 

I/) 
a 
tu 

N 

a 

a  o 
■    o 

O  UJ 

l/l  < 
U 

z 

3 


O 

z 


a: 

o 
a. 

XI 

a: 


I-  3 

I  O 

t-  O  UJ 

(/)•-.  r 

O  UJ  u 

O  J  I/) 


o 

UJ 
Z  IT 

O    !-■ 

t-  O 
(_)  UJ 

<  cr 


CO 

■--  z 

(S  < 
O    I 

^  (J 
in  I/) 
o  -J 


(0 

(O 

00 

00 

^S 

^s 

a  < 

(S  < 

O  1 

O  1 

'o  u 

>>  o 

in  00 

m  (/) 

o  -) 

O  -) 

z 

O  I- 

--  z 

K  UJ 

O  Q 

<  -■ 


I 

I  K 

-J  UJ  UJ 

-I  >  H 

<  O  UJ 

a.  Q 
u.  a 

O  2  • 

•-•  to 

l/l  UJ 

3  UJ  i-i 

I-   ^  H 

<  <  « 

K  tr  > 

to  CD  i-i 

UJ  O  U 

Q  Z  < 

>  O  I- 

O  (J  Z 

o:  z  UJ 

a  o  2 


a 

o  s  z 

Z  3  < 

•-  Z 

UJ  i-i  S 

a  X  < 

<  a. 

ui  Z  O 

a  o 

<  UJ  a 

r  Q. 

\-  UJ 

z  I-  I 

UJ  <  H 
Z 

UJ  o  u. 

>   UJ  O 
O  3 

(T  (/)  UJ 

a  (T  u 

S   3  < 

»  a  a 


I 


(/) 


I 

z 
o 
(J 

-I 

<  UJ 

z  m 
o 
I-.  o 

t- 

►-  3 
Q  O 
Q  I  -< 

<  (/) 


a  (>n  Q 

UJ  Z  UJ 

X  o  a 

H  "  UJ 

UJ )-  a 

I  a  i- 

j  o  to 


i3 

z  > 

K  CC 

<  UJ 

z  z 

M  UJ 

Z 

•-  o 

-I  T 

UJ  ^ 

O 

U.  (O 
O 

I- 

z  z 

O  UJ 

—  CE 

t-  < 

<  a 
o  a 

"-  < 


UJ 

X 


z  o 

UJ  (T 

UJ  < 

S  O 

1-  m 

Ui  I- 

m  3 
o 

z 

O  D 

11  Z 

K  < 
3 

CD  O 

1-1  a 

tr  < 

t-  o 

to  m 

—  z 

Q  1- 


to 

t-  I-I 

-I  I-I  z 

3  O 

to  _l  I-I 

UJ  UJ  to 

a  >  UJ 

UJ  o 


a 

o  _i 

a  < 

UJ  I-I 

cr  u 

■  UJ 

to  a 

UJ  to 

<  UJ 

a  X 

m  I- 


z  o 

UJ  q: 

t-  < 

to  o 

>  (D 
to 

UJ 

c  I— I 

<->  > 

ex  UJ 

Q.  a 


< 
> 

I 

(_>  — 
to    I 

->  — 


<   to 

< 

o 

UJ 

(J  PJ 

u  n 

to  1 

to  1 

-)  — 

-5  — 

t-  -I 

<  -- 

UJ  < 

_i  a 

UJ  < 

u  l_> 

UJ 

Q  Z 

^  UJ 

O  1- 

z  'yi 

I-  > 

Q  to 

Z 


<  z  > 

-1  O  K 

t-  l/l  1- 

<t  to  (_) 
u  —  < 

cr 

UJ 

in 

z 

D 

m 

1— ) 

2 

o 

o 

3 

o 

a 

Z 

ID 

471 


CO  (0 
—  (B 

II 

"— ^ 

^^ 

M 

'"^ 

■^~" 

^— "■ 

■— "'— — - 

— "— — " — — 

^ 

II 

II 

^- 

II 

II 

^ 

II 

II 

•  V, 

II 

II 

o  0) 

II 

UJ 

II 

z  o 

II 
II 

_l 
H  D 

II 

II 

UJ  UJ 

II 

CO 

r  o 

II 

CJ  1- 

II 

(-  1-  O  UJ 

II 

<  < 

II 

o  CO  "-•  X 

II 

a  Q 

II 
II 

<  O  UJ  o 

a  u  s  1/1 

II 
II 

II 

z 

II 

fl 

H^ 

II 

II 
II 
II 

II 

II 

II 

(9 

II 

II 

ac 

11 

II 

UJ  O 

II 

II 

1- 

II   (0 

(O 

(O 

II 

<  BL 

II   CO 

a> 

O) 

II 

Q  O 

II  ^  s 

>»s 

^  z 

II 

1/1 

II  <s  < 

0)  < 

ca  < 

II 

UJ  Z 

II    O    1 

O    1 

O    1 

II 

13  O 

(1  ^  o 

-x  o 

~^  u 

II 

Q  a 

II    U1  CO 

in  oo 

in  CO 

II 

II 

(/> 

II   O  -J 

o  -> 

o  -) 

II 

II 

II 

II 

II 

II 

o 

II 

II          UJ 

z 

-J 

II 

II     I 

> 

UJ  to  3 

<                UJ  1- 

<  z    • 

II 

II         H 

N 

O  S  X  U  UJ 

o  a  tr 

HH    UJ    ^-^ 

II 

II  o 

K 

UJ  t- 

oc 

^H 

>U.Z30U»-Q 

II 

II  z  u. 

a. 

Q  1- 

a. 

> 

1-  O  "-■  00  a 

UJ  01  a 

II 

II  <  o 

• 

Ml 

Z  Ui  00  O 

UJ 

>-•      a  00  UJ 

a  >  < 

II 

II 

I  X  O  O  >  1- 

H-« 

a 

_i  00  o  UJ  a 

CO  00  o 

(/) 

II 

II    >  (O  UJ 

1 

1^ 

13  00 

l-H 

"-•  o  1-  a 

wD 

z 

II 

II   O  U  1-  O  1-  Q 

CO 

z 

o  O  •-■  a.    • 

UJ 

Ul 

o 

II 

II  <  ■-■ 

00  o 

< 

Z  Q  t- 

_J  o 

<  r  z      01 

X  oo  s 

t-4 

II 

II  3  1- 

> 

-1 

i-H 

H4 

-i 

UJ 

l-H 

q:  1-  o  cj  1- 

1-  U  UJ 

13  t- 

II 

Q 

II    O  bO  CO  UJ  -1 

2t  3  >  OO 

M  UJ  Z  «  3 

q:  — 

u 

II 

UJ 

II    UJ  •-■ 

X 

1^ 

> 

1/1  00 

UJ  UJ 

01  z      1-  q: 

o  Q.  > 

t- 

< 

II 

z  a. 

II  Q  cr  Q  1-  o 

-I 

1 

UJ 

-1  Q 

UJ         1-   <   1- 

K          UJ 

II 

o  -■ 

II    <  UJ 

HI 

00  1- 

»-t 

a 

Q  UJ  X  Z  CO 

►H  ac 

< 

z 

II 

•-H    3 

M          1- 

it  UJ  O 

Z 

1- 

-1  Z 

-I  (3  D 

00  « 

UJ 

II 

1-  o 

II  01  O  CO 

Q 

UJ 

z 

H 

< 

UJ 

,— s 

01  m  >-■  UJ  o 

1-       z 

(- 

a 

II 

U  UJ 

II    CO  < 

1 

3  UJ  (T 

< 

a 

i-i 

K 

Q 

01  «  _J  z  -I 

_l  -J  o 

o 

II 

<  ac. 

II  UJ  a 

I-* 

-1 

iC 

< 

O  (J  00 

CC 

lu  00  u.  a  z 

3  UJ  -t 

l/l 

II 

II    00  < 

y- 

U 

< 

a 

UJ 

a. 

UJ 

> 

< 

00  00    1 

01    >    1/1 

o 

II 

II  00  X  Z 

z 

ac 

a. 

X  UJ  a  01  o 

01  O  Z  u.  Z 

UJ  UJ  UJ 

UJ 

II 

II  ■ 

II  <  u 

< 

»-« 

m 

< 

1- 

a. 

CO 

^^ 

ffi 

<   Q.  "  O  >- 

cr  -I  Q 

^-4 

t~4 

(X 

II 
II 

II 
II 

a 

o 
o 

II 

M 

II 
II 

Q  UJ 

II 

II 

1- 

II 

z 

II 

00 

< 
o 

z 
3 

II 
II 
II 
II 

II 
II 
II  ■ 

O  1- 
-"  z 

V-  UJ 

u  o 

1  JSC-VA 
115-1 

00 

KSC-SE 
16-1 

S 

JSC-VA 
16-2 

S 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

z 

II 

II 

o 

II 

II 

^H 

II 

II 

1- 

II 

II 

a. 

II 

II 

»-< 

II 

II 

a 

II 

II 

«  o 

II 

II 

cr  1/5 

II 

II 

O  UJ 

II 

M 
II 
II 
II   ' 

CO  o 

II 

II 

1 

II 
II 

t- 
< 

>/5  K 
01  o 

II 
II 

CM 

Q 

II 
II   . 

CJ 

-"  < 

II 

II 

II 

CM 

II 
II 
II 

II 
II 
II 

o 

II 

II 

z 

II 
II 

a. 

UJ 

II 

II   ID 

t- 

II 

z  m 

II    CO 

fX 

II 

-  2 

II  o 

o 

tl 

CJ  3 

II  o 

a 

II 

a  z 

II   (O 

UJ 

__. 

_  — 

>— ^^— .. 

II 



_ 

472 


05  CO 
—  CD 


O  <D 

z 

o 

UJ 

UJ 

O  1- 

< 

< 

a 

O 

CN 
O 


O 

z 


cr 
o 
a 


I-  D 

I  Q 

H  O  UJ 

(/)  11  I 

o  UJ  u 

U   3  00 


II  — 
M 

M 
II 

—     M 
II 

II 

o 

II 

II 

II 

(T 

II 

II 

II 

UJ  O 

II 

II 

M 

1- 

II 

(0 

II 

CO 

II 

< 

(T 

II 

o 

II 

CB 

II 

Q  O 

II 

>v 

z 

II 

^ 

Z 

II 

(/) 

II 

(O  < 

II 

•— 

< 

II 

UJ 

Z 

II 

o 

1 

II 

•- 

1 

II 

13  O 

(1 

>^ 

o 

II 

^ 

<J 

II 

Q  a 

II 

uo  oo 

II 

r^ 

00 

II 
II  — 

(/I 

II 
II 

M 

o 

-) 

II 

~     II 

O 

-) 

II 

II 

II 

II 

<J 

1 

II 

Z 

II 

II 

z 

> 

n 

00 

II 

s 

1 

00 

•-« 

H 

II 

*-l 

> 

ffl  Z 

^ 

UJ 

II 

o 

_l 

1- 

•-« 

H 

II 

_J  Q  Q  00 

O  UJ 

^-» 

UJ  ID  3 

II 

-1  O  Z 

-  < 

_l 

II 

II 

< 

r)  UJ  z 

> 

Z  O  K 

I  CJ  UJ 

II 

< 

O  00  > 

3 

-J 

II 

II 

1- 

-1  a  o 

_l 

z 

l-» 

H 

a 

HH 

II 

»i 

a 

a 

1-   UJ 

00 

UJ  Z 

II 

II 

(J 

n 

1— 1 

z 

o 

< 

-1 

a 

> 

II 

1- 

UJ 

u. 

Z  -v. 

Ul 

>  o 

II 

II 

2 

z 

3  K 

o 

z 

a 

1— t 

o 

Ul 

II 

Z  1- 

UJ  1- 

a 

UJ  ■- 

II 

II 

3 

»-4 

o< 

< 

CD  t- 

n 

a 

II 

UJ 

»-• 

O  Z  00 

_l   00 

00  II 

II 

Z 

UJ 

a 

o 

00 

< 

n 

II 

K 

CD 

z 

00  Ul 

K 

Ul 

Z    II 

II 

»-t 

> 

a  UJ  UJ  X  </>  a  (/) 

z 

II 

o  a 

M 

oo  K 

a 

_l  Q     • 

I/)  O   II 

II 

1- 

00 

o 

K 

H 

o 

< 

t- 

-1  o 

II 

a 

O  1- 

UJ 

o 

<        ^ 

►-   II 

II 

a 

> 

LO 

H^ 

»-• 

3 

a 

u 

_l 

UJ 

»-• 

II 

-I 

00  o  a 

-  z  o 

ID  1-    II 

o 

II 

o 

< 

UJ  uo  z  Z  u 

3 

> 

00 

II 

UJ 

a 

3  l^  Z 

UJ 

u  UJ  a 

O    II 

UJ 

11 

a  Q 

z 

M 

M 

UJ 

00 

UJ 

Ul 

II 

1- 

UJ 

to 

<  <- 

a 

UJ  K  < 

1-  <    II 

z 

a 

II 

UJ 

z 

<  O 

-J 

rsi  (-  <3  UJ 

_l 

a 

II 

< 

p~t 

UJ 

^ 

a  00  o 

II 

o 

»-4 

II 

Z 

3 

a 

(J 

< 

a 

z  a 

1! 

a 

> 

a 

Q  <t 

1/1  >  CD 

<  Z    II 

*-« 

3 

II 

i-i 

a 

o 

UJ 

o 

< 

_l 

z 

II 

o 

< 

<  a 

to 

Ul    II 

1-  o 

II 

z 

a 

> 

CD 

I 

ffl 

a 

1- 

< 

Ul 

-— N 

II 

a 

Ul 

1- 

o  m 

z 

UJ  ^  S 

1-  a  II 

u 

Ul 

II 

a 

1- 

o 

< 

u 

< 

a 

n 

»- 

Q 

II 

a 

r 

X 

-I 

o 

I          UJ 

O   II 

< 

a. 

II 

UJ 

a 

s 

_l 

z 

z  o  u  (/I 

a 

II 

o 

cJ 

o 

K   CD  >-■ 

i/i       II 

II 

1- 

O 

> 

z 

-J 

3 

_i 

S  a 

UJ 

> 

< 

II 

u 

a 

*-4 

O  1- 

1- 

U   > 

a  II 

II 

UJ 

CD 

z 

3 

H- 1 

< 

< 

O  UJ 

a 

00 

o 

II 

z 

o 

Ul 

•  z 

< 

O  a  UJ 

ai  II 

fsg     |i   ^_ 

II 
II 

Q 

< 

< 

a 

5  -1 

z 

Q  a 

00 

^^ 

CD 

II 
—    II 

'-' 

U. 

2 

(0  « 

3 

1-  a  a 

I—   •-■    M 

II 

M 

cr  II 

II 

M 

a  o  II 

II 

II 

O  n 

II 

II 

O  UJ    II 

II 

II 

1-  II 

z 

II 

II 

00  <   II 

O  1- 

II 

S 

00 

M 

< 

00 

u  n 

»-« 

z 

II 

< 

M 

> 

z  n 

K 

UJ 

II 

1 

II 

1 

D    II 
II 

< 

Q 

II 
II 

u 

00 

1 

II 
II 

u 
00 

1 

II 
II  — 

II 

M 

->  en 

II 

-5 

— 

a 

a  oo 

Q  UJ 

00  Q 


II  a  ID 

II  UJ  < 

II  -J  a 

II  UJ  < 

II  (->  u 

II  UJ 

G  z 


II 
II 

II  o 
II   z 


UJ 


00 

II  —  > 

II    Q  00 
M     Z 

II  < 


I-   01  I- 

<  00  c_) 

CJ   ■-■   < 


II 


z 
o 


a 

Ul 

in 

Z  CD 

n 

-■  5 

o 

U  D 

o 

a  z 

CO 

(N 

a 

uo 

n 

o 

o 

(O 

473 


o 

tN4 

CO 
00 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 

M 

tl 

O  <B 

II 

UJ    II 

II 

z 

o 

II 
II 

_i  II 
1-  3  II 

II 
II 

II 

111 

UJ 

II  I/) 

r  Q  II 

o 

1- 

II  1- 

1-  (J  UJ    II 

II 

< 

< 

II   u 

I/)  —  I  II 

11 

a. 

o 

II  < 
II  a 
II  s 
II  -■ 
II 

O  UJ  U    II 
U  i  <>1    II 

11 
II 
II 

II 
II 
II 
II 

-  II 

II  — 
II 

II 

II 

II 

II 

a  II 

II 

II 

cr  II 

II 

M 
II 
II 

.  II 
II 
II 
It 
II 

-  II 

II 

UJ  O   II 

II 

1-         II   10 

(O 

II 

<  cr  II  (S 

CO 

II 

Q  O  II  ^  S 

^  z 

II 

I/)  II  —  < 

—  < 

II 

UJ  Z    II    —     1 

""     1 

II 

3  O  II  ^  <-> 

^  o 

II 

Q  a  II  r»  lo 

r-  (/) 

II 

l/>  II  o  -5 

O  -) 





___ 

II  — 

II 

II 

II 
II    1 

a 

00 

II 
II 

II 

II    3 

o 

H 

(J  Z 

1 

II 

II 

II  o 

CJ 

>» 

cr 

-I 

Z  O  00 

z 

1- 

_i 

II 

II 

II    UJ 

k-« 

a 

o  <  z 

. 

h-«    l-H 

00 

l-H 

- 

CO 

H 

< 

z 

II 

II 

II  a  -J 

_l 

z 

a. 

l-H 

UJ 

.— X 

^  1- 

UJ 

X  UJ  00  O 

-1 

q: 

l-H 

UJ 

'■^ 

II 

II 

II       < 

3 

< 

., 

UJ  O  H 

O 

<  < 

cr 

1- 

i/i 

cr 

a 

< 

o  u  1- 

o 

II 

II 

II  -1  S  < 

UJ  cr  UJ  </)  cr 

cr  cr 

a. 

t-H 

z 

UJ 

u 

a 

UJ 

1/1 

q: 

II 

11 

II    <  Q£  _ 

a 

(/)  a. 

a. 

> 

< 

OQ  UJ 

a  o  oD 

z 

»-H 

UJ 

0. 

> 

< 

II 

II 

II    )-*  UJ  O 

\- 

^.^ 

1/)  00  o 

a  UJ 

a  z  5  c  cr 

00 

LO 

o 

II 

(/I  II 

II  H  r  >  z 

. 

^ 

o 

a.  l-H 

^  Z  00  UJ  o  o 

^.^ 

CQ 

II 

Z   II 

II   Z  H  X  UJ  (J 

/•^ 

UJ 

UJ  00  <  O  111  z 

z 

_l 

UJ 

II 

(/)  O   II 

l-H      II 

II    UJ 

2  Z  1/1  r  UJ  2 

X  z  cr 

l-H 

cr 

k: 

o 

X  UJ  ^ 

II 

II  K  cr  u.  o 

II 

UJ  »-  U  UJ 

1-  o  m  H 

3 

l-H 

00  t- 

u 

UJ 

II 

3  1—    II 

O   II   O  O  O  0. 

-1 

■:£. 

cr 

l-H 

cr  u 

<  Z  UJ  O 

to 

UJ 

K 

*■• 

II 

(J    II 

UJ   II   d  u. 

2  O  <  O  Q. 

> 

3 

Z  <->  3 

o: 

z 

> 

l-H 

O   LL 

> 

II 

f—  <    II 

z  q:  II 

z  o  o  cr  H 

UJ 

u.  X 

3 

l-H 

z  u 

*-< 

X 

K 

1- 

UJ 

II 

II 

O"  II  uji/ioou 

m 

>^ 

cr 

1- 

Z  -1 

»-• 

q: 

a 

*~* 

l-H 

cr 

II 

<  Z    II 

LU    II 

<->  Zi  »  *-  *- 

t^ 

10 

»-( 

h-  •-■ 

1— 1 

a. 

z 

> 

UJ 

_l 

1/1 

l-H 

II 

1-  O   II    <  Z  1- 

s 

UJ 

Z  1- 

Z 

U  3 

X 

a 

*>H 

m  a 

K 

l-H 

(- 

z 

II 

K  0.    II 

U  UJ   II   3  UJ 

< 

UJ 

> 

O  -1 

_l  o 

3 

< 

<  z 

»-H 

X 

m 

-I 

-1    O 

II 

O    II 

<  ir  II  -1  S 

-1 

1- 

H-« 

o 

3  UJ 

»-H 

Q  1- 

z 

UJ 

00  o 

< 

3 

UJ 

*"• 

II 

t/\          II 

II    <  UJ  o 

t/l 

1- 

IT 

1/1 

> 

00 

Z  00 

UJ 

UJ 

s 

z 

1— 1 

a. 

CO 

> 

to 

II 

Q   II 
UJ    II 

II  >  a: 

1/) 

> 

<_) 

< 

UJ 

UJ 

UJ 

O  UJ  u. 

cr 

X 

l-H 

o 

_J 

< 

UJ 

UJ 

UJ 

II 

II  UJ  >-■ 

I/) 

< 

u 

cr 

_l  Q 

O  1- 

o  3  ^- 

1- 

u 

u. 

u 

IZ 

-1  (^ 

II 
—  II 

N    II  — 

II 

II 
II 
It 

ac  II 

II 

QC    O     II 

II 

II 

O   II 

II 

II 

a  UJ  II 

II 

II 

1-  II 

Z          II 

II 
II 

II 
II 
II 

on  <   II 

O  1-   II   < 

00 

< 

I/) 

U    II 

«  Z   II   > 

> 

Z    II 

h-   UJ    II     1 

1 

D   II 

O  Q   II   U  — 

tj  — 

II 

<  1-1   II   (/>    1 

1/1   1 

II 

II    -)  (N 

-i  CO 



— 



II 
—  II 

II  — 

II 

II 

_..^— -^— — ^   II  ^^^— 
II 
II 

II 
II 
II 

II 

II 

II 

11 

' 

II 

II 

II 
II 

II 

II 

II 
II 
II 

II 

Z   II 

II 

O  II 

II 

•-•  II 

II 

K   II 

M 

11 

a.  II 

II 
II 
II 
II 
II 
II 
II 
II 

II 

«  II 

II 

IT    II 

ii 

—  O    II 

II 

K  (/)    II 

II 

a  UJ  II 

II 

bo  a  II 

II 

II 

II 

II 







It 

II  - 
<»         II 

1-  i/>  t-  II 

II 
II 

1             M 

<  lO  U    II 

II 

CM           M 

O  •-   <    II 





_.^— 

It 

O           II   - 

'-           II 

II 

II 
II 

^4       II 

II 

II 

II 
II 

II 

II    M 

II 
II 
II 

O         II 

II  at 

Z         II 

a.  II 

II 
II 
tl 
II 
II 
It 

II 

UJ   II  ID 

1-       II 

Z  CD    II    O 

(r       II 

—  2    II   O 

O        II 

i_)  3    II   O 

a.       II 

a  z  II  (O 

UJ             M 

II 









__ 

















— 

— 

-- 

— 

— 

474 


—  ID 
CM  CD 


O  CD 
Z   O 

ai  UJ 
O  I- 
<  < 

a  Q 


II 
II 

M 

II 
II 
II 
II 
II 
II 
II 
l/l   II 


< 


a. 
o 


O 


o 

z 


c 
a 


1/1 


UJ 

_i 

I  Q 

I-  O  UJ 

O  to  H-i  I 

<  O  UJ  (-) 

a  u  $  01 


<  Z    II 


II 
II 

O  II 
uu  II 
Nl    II  ' 

"I  II 
cr  II 

O    M 
,    UJ     II 

1-   II 

I   4    II 

U    II 

Z    II 

3    II 

II 

II 

II 

II 

II 


O 

UJ 

z  a 

o  -1 

I-  a 

U  UJ 

<  cr 


z 

O  t- 

>-•  z 

►-  UJ 
U  Q 
<  « 


CO 

^  z 

—  < 

^  o 

r^  (/) 

o  -> 


to 

CD 

—  < 

r^  10 
o  -) 


(0 

(0 

lO 

CD 

03 

CD 

--  5 

--  2 

^  s 

—  < 

—  < 

-  < 

^-    1 

•—    1 

•—     1 

^  <_) 

^  o 

^  (_) 

r^  I/) 

r-  I/O 

r--  1/) 

O  -5 

o  -J 

o  -> 

UJ  IM 

z  -« 

•-  _l 

_l  1-1 

UJ  H 

< 

ffi  < 


<  K 

3  ■-' 

-I  CC 

>  ^ 

UJ  < 

I  t- 

UJ  < 

CZ  Q 


I 

t-  o 
O  I- 
UJ 

_l  (/>  l-l 

UJ  H  •-•  Z 

I/)  _l  O 

D   -I  ►H 

UJ  (/)  UJ  1/1 

a  UJ  >  UJ 

M  cr  UJ  o    • 
I-       _i      -^ 

-I  cr  -I  UJ  Qc 

<  O  <  »-  < 

z  a  i-i  1/1  o 

—1  UJ  u  >  aj 

(J  cr  UJ  1/1 

«      a  w  J 
cr       (/I      UJ 

O     •  (D  >-" 

Z  UJ  u  > 

r  o  r  a  UJ 

-•  i-  t-  a  (T 


(J  UJ 
Z  IT 
UJ  < 

_i  1/1 
-I  _t 

<  oi 

a 
K  o 

<  s 
r 

I-  CJ 

z 

UJ  >--* 

CC  ix 

3  UJ 

t/l  UJ 

i/l  Z 

<  — 


UJ  O 
I  - 
I-  u. 

z 
X  o 

(J  cj 

o  cr 
cr  UJ 

X  H 
OD 

a  cr 

UJ  o 

z 

>->  _i 

-J  < 

UJ  Z 

1/1  a 

<  o 

CD 


UJ  (D 


cr  z  X 

<  o  H 
o  -1 

(D  I-  O 

<  t- 

_l  M 

O  •-'  1/1 

a  _i  K 


3 
Ul 

> 

UJ 

cr 

z 
o 


Z  I-  3  >  00 
O  3  00  UJ  UJ 


UJ 

o  a 


t-  < 

cr  a  -< 

o  o  o 

i-i   Q.  UJ 

cr  UJ  a 


u.  3  a  cr 


z    ■ 

UJ  —. 
K  Q 

00  cr 
>  < 

00  o 
1/1  •—  (D 


< 
UJ 

I 

CJ  — 

1/1   I 


< 

> 

u 

^ 

(/I 

1 

-> 

T 

< 

oo 

<          00 

< 

Q 

UJ 

1- 

<_)  r-j 

(J  n 

u 

00    1 

00      1 

UO 

->  f 

->  ^ 

-1 

z 
o 


cr 
~  u 
cr  00 
O  UJ 
l/l  Q 


t-  01  t- 
<  (/I  u 

o  —  < 


IX 

UJ 

Z  CD 

"  z 

U  D 

a  z 


<  •-• 

cr  CD 

UJ  < 

_i  a. 

UJ  < 

UJ 

a  z 

^  UJ 

O  K 

Z  00 

■-•  > 

Q  00 

Z 

<  z  > 

O  I- 


475 


CM  (O 
Ol  GO 

II 

'~~ 

"^ 

' 

II 

11 

*v 

11 

II 

II 

^_ 

II 

II 

II 

^^ 

II 

II 

II 

•  ^ 

II 

II 

II 

O  CO 

II 

UJ 

II 

II 

zo 

II 
II 

K 

-I 

II 
II 

II 
II 

iUlU 

II 

00 

r  o 

II 

II 

ot- 

II 

1- 

1- 

13  UJ 

II 

II 

<  < 

II 

o 

00 

Nrt 

r 

II 

II 

a.  o 

II 
II 
II 
II 
II 
II 
II 

< 
a 

s 

•-4 

o 
o 

UJ 

3 

(_) 

00 

II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
It 
—  II 

II 

M 

a 

II 

II 

II 

a: 

II 

II 

1) 

UJ  O 

II 

II 

II 

K 

II 

(0 

(0 

(0 

II 

II 

< 

a: 

II 

CO 

CO 

(D 

II 

II 

Q  O 

II 

--  s 

^  z 

^  s 

II 

II 

00 

II 

—  < 

-  < 

—  < 

II 

II 

UJ 

z 

II 

—   1 

^     1 

•~     1 

II 

II 

13  O 

II 

-^  (J 

^  u 

-^  u 

II 

II 

Q 

a 

II 

r^  00 

1^    00 

r>-  1/1 

II 

II 

II  ' 
II 

00 

II 
II 
II 

O  -> 

o  -> 

o  -) 

II 
-  II 

II 

II 

II 

1 

o 

Z 

II 

II 

II 

-I 

< 

z 

o 

00  ►- 

UJ    1    Z          1         UJ        ■-■ 

II 

II 

II 

1    < 

(T 

t- 

z  a 

^  <  O        i/l        i-i  1/1  i-> 

II 

II 

II 

UJ  h- 

UJ 

Q 

o  s 

O  00     •  UJ  (D  S 

<  cr  —       <  _i  H  1- 

II 

H 

II 

(T  ^ 

O 

D  00  U  lU 

■I        O  X  O  UJ 

cr  UJ  1-      UJ  <       -I  _i 

II 

II 

II 

> 

^-1 

-I 

1- 

<r 

H4 

1-  -1  z  1-  a  •-• 

(Qa<uju.zir3ujz 

II 

II 

II 

_l  (J  00  O  <J 

-1 

a. 

> 

a  UJ  •-      a  > 

"-lsl«        OUJ00>(J 

II 

II 

II 

-1  Z 

z  z 

z 

3 

UJ 

O  UJ  O  O       UJ 

Zi/lMl-uJi-iOuJUJi-i 

II 

II 

II 

<  UJ  O 

(^ 

►-* 

00 

^H 

IT 

X  z  K  -.  cr 

OZ_i      Zh-aa-ioo 

II 

(/) 

II 

II 

cr  o  o  > 

UJ 

H4 

Q.  a  <      « 

aioi-i_)»-ii-i<          UJ 

II 

z 

11 

II 

UJ  z 

O 

• 

cr 

Z 

O       -I  00       z 

(rui-uiSQ-Ji-_iQ    • 

II 

00  b 

II 

II 

>  '-> 

00  O  OO 

_ia 

-JO       1-  _J  o 

<      3uj<Q      a<      -^ 

II 

,^ 

II 

II 

O  1- 

> 

cr 

> 

K 

lij 

H4 

UJ   Z  O  -1  UJ  -t 

O     -        IX<00O"SQ 

II 

o 

K 

II 

a 

II 

z 

<  o 

< 

cr 

>  i/> 

>  «  t-  3  >  00 

Koisuj       >auuja: 

II 

CJ 

II 

UJ 

II 

z  o  s 

2  O  UJ  111 

UJ   >         1/1  UJ  UJ 

zzr          u-      ujuji-< 

II 

1- 

< 

II 

Z 

cr 

II 

>-■  <J 

z  a 

Z  C^  -1  O 

Q  UJ  a  UJ  -1  o 

—  ait-aooi/iiraooo 

II 

II 

o 

»-^ 

II 

30 

3  UJ 

^  —  o  a 

s      UJ  z      1-      00  >  m 

II 

< 

z 

II 

3 

II 

UJ  u. 

ac 

u. 

o: 

cr 

-1 

s 

• 

r  -^     -IS 

UJCLU.O<>-l               00 

11 

UJ 

II 

1- 

a 

II 

Q  O 

< 

UJ 

jf^ 

S  u  q:  (-  <  UJ 

>— N 

QOOcr        ^-  O     -uJwS 

11 

K 

Q. 

II 

u 

UJ 

II 

3 

1- 

(/I 

UJ 

•-• 

1- 

a 

ui  <  a  a  I-  K 

o 

3_j      <oo  —  mi/ix      UJ 

II 

O 

M 

< 

a: 

II 

-1  a  a 

Z  00 

(J 

(/) 

IT 

►i          o  o  1/1 

cr 

_iujz_ii-_i      i-t-in«-i 

II 

00 

M 

II 

U  UJ  O  O  UJ 

00 

UJ 

> 

< 

>  a  a  CL  UJ  > 

< 

u>o        _l  —  UJ_I       u> 

11 

Q 

II 

II 

z  — 

CQ 

>-t 

I 

-1 

Q.  i/l  O 

ui  O  3  UJ  a  00 

o 

Zuj  —  u.ooD'-OOtruJ 

II 

UJ 

II 
II 
II 

II 
II 
II 

»-  > 

< 

h- 

t- 

>  i/» 

>-' 

m 

a  u.  1   q:  00  w 

CD 

-hQi-oo:  —  i-(Di-acr 

II 
—  II 

^ 

II 

Ct 

II 

II 

II 

cr 

O 

o 

II 
II 

II 
II 

II 
II 

Q 

UJ 

II 
II 

z 

II 
II 

II 
II 

on 

< 

II 

O  1- 

II 

s 

l/» 

<          </> 

<               lA 

II 

u 

II 

►-I 

z 

II 

< 

> 

> 

II 

z 

II 

1- 

UJ 

II 

1 

1 

1 

II 

z> 

II 

O  Q 

II 

u  — 

U  '- 

U   — 

II 

II 

< 

p^ 

II 

00    1 

00    1 

00     1 

II 

II 
II 
II 

II 
II 
II 

-)  in 

-5  <0 

->  en 

11 
^  II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Z 

II 

II 

II 

o 

II 

II 

II 

II 

II 

II 

1- 

II 

11 

II 

a 

II 

11 

II 

1^ 

II 

11 

II 

cr 

II 

11 

II 

•»« 

u 

II 

11 

II 

cr 

00 

II 

11 

II 

O  UJ 

II 

II 

II 

00  Q 

II 

II 

II 

II 

11 

II 
II 
11 

II 

M 

II 

11 
—  11 

^ 

1- 

i/> 

1- 

II 

1 

II 

< 

00 

u 

II 

II 

o 

II 
II 
II 

u 

— 

< 

II 
II 
II 

II 
—  II 

II 

(SI 

II 

II 
II 

II 
II 

II 

n 

II 
II 
II 

o 

II 

II 

cr 

II 

z 

II 
II 

at 

UJ 

II 

II 

in 

II 

11 

1- 

II 

z 

IS 

II 

n 

II 

X 

II 

s 

II 

o 

II 

o 

II 

u 

3 

M 

o 

11 

Q. 

II 

a 

z 

M 

to 

II 

a: 

II 

..^ 

.__ 

II 



,_ 



.^_ 



II 

476 


CO 
CM 

ID 
CD 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 

M 

II 
II 
II 
II 
It 

O 

CD 

II 

UJ 

II 

II 

II 

z 

O 

II 
II 

K 

II 
II 

II 
II 

It 
II 

UJ 

LLl 

II 

(/I 

r  Q 

II 

It 

II 

o 

t- 

II 

K 

1-  t5  UJ 

II 

II 

II 

< 

< 

II 

U 

I/)  -1 

I 

II 

II 

It 

a. 

Q 

II 
II 

< 

a 

O  UJ  u 
U  S  l/> 

II 
II 

II 
II 

It 
II 

II 

z 

II 

II 

II 

II 

^-« 

II 

II 

II 

II 
II 

II 
II 
II 

II 
—   II  ^^ 

II 

II 

II 

~~  11 
II 

II 

o 

II 

tl 

II 

II 

cr. 

II 

It 

II 

II 

UJ  O 

II 

It 

II 

II 

1- 

II 

«3 

II   <D 

to 

(0 

It 

II 

< 

a. 

II 

at 

II    CO 

CO 

CO 

II 

II 

Q  O 

II 

•^ 

z 

II  >^ 

Z 

^ 

z 

^ 

z 

II 

II 

01 

II 

tM 

< 

11  in 

< 

in 

< 

in 

< 

II 

11 

UJ 

z 

II 

(M 

1 

II  o 

1 

o 

t 

o 

t 

tl 

II 

Z3  O 

II 

'^ 

u 

II  -^ 

CJ 

^ 

u 

^ 

o 

II 

II 

o  a. 

II 

in  lo 

II  m  oo 

in  00 

in  00 

II 

II 
II 

irt 

II 
II 
II 

o 

-> 

II  o 

—  II  -^— 

-J 

o 

n 

o 

-) 

II 

II 

II 

^  II 
II 

II 

II 

II    1 

1— 

II 

II 

II 

1 

II  _i 

o 

00 

1 

cr 

II 

II 

II 

• 

3 

»-l 

• 

tl    Q. 

z 

o 

< 

3 

II 

II 

II 

UJ  o  00  a 

O 

00 

II    S  <  U 

. 

UJ  m  3 

IM 

O 

II 

II 

tl 

UJ 

h- 

_l  00  z 

z 

z 

II      l-H 

00 

X  U  UJ 

*-* 

> 

II 

II 

II 

K 

< 

u. 

O 

< 

UJ 

<  o 

II 

O  Q  1-  1- 

a: 

1-4 

_l 

II 

II 

II 

< 

(-1 

a 

-J 

1^ 

II    UJ 

Z  UJ  u 

a 

> 

UJ 

z 

II 

II 

II 

OKU 

O  U  UJ  1- 

II    K 

>-« 

H 

< 

o 

UJ 

z 

_i 

II 

II 

II 

0. 

a. 

_l  00  Z 

»-4 

UJ 

o 

II    < 

z 

< 

a 

1- 

(^ 

cr 

z 

_i 

II 

i/i 

II 

II 

3  O  N 

< 

3X0: 

3 

II    "I 

z 

»-i 

z 

»-4 

< 

UJ  z 

tl 

z 

II 

II 

ex 

N 

O  UJ 

U. 

oc. 

II  cr 

< 

u 

00 

z 

X  u  o 

II 

00 

o 

II 

II 

O  Q.  O  UJ  (T 

> 

H 

II  a. 

_J  o 

K  _l  O 

o 

l-H 

II 

*-« 

II 

II 

1- 

a 

z 

1- 

< 

UJ 

00 

II  o  a  00  UJ  _j  UJ 

t^ 

UJ 

_i 

H 

II 

Z) 

1- 

11 

o 

II 

< 

< 

Z  1- 

cc 

CD 

II  cr 

00 

_l 

3 

> 

00 

CC 

UJ 

< 

II 

o 

II 

UJ 

II 

Z 

Z 

_i 

a. 

< 

< 

O 

tl  a 

z 

< 

Z) 

00 

Ul 

UJ 

3 

1- 

It 

K 

< 

II 

z 

a 

II 

u 

00 

a. 

D 

x 

11  a 

o 

O  UJ 

-1 

C3 

h- 

u. 

Z 

II 

II 

o 

HH 

II 

<r 

<  O  00  1- 

1- 

00 

u. 

II    4 

> 

UJ 

q: 

z 

UJ 

> 

It 

< 

z 

II 

>-f 

■D 

II 

u. 

< 

o  o 

II 

»- 

u. 

X 

_l 

Z 

UJ 

u. 

Z  1- 

It 

UJ 

II 

H 

a 

II 

\- 

* 

a 

Z 

> 

z 

II    1- 

< 

HH 

c_) 

h- 

< 

Ul 

*-^ 

z  o 

3 

1-^ 

It 

1— 

a. 

II 

u 

UJ 

II 

»-» 

a  UJ  t/i 

»-i 

U. 

H-« 

cc 

II  cr 

1- 

1- 

00 

QC 

1- 

o 

LU 

CC 

> 

It 

o 

II 

< 

a: 

II 

2 

00 

a 

t- 

1-4 

z 

< 

II  o 

z 

z 

O  O  00  CE 

-J 

z 

t- 

II 

to 

II 

II 

O 

q: 

00 

UJ 

cr 

UJ 

UJ 

II  a. 

UJ 

UJ 

O 

a 

UJ 

> 

< 

a 

o 

00 

K 

It 

Q 

II 

II 

3  2  O  Ul 

-1 

UJ 

a 

-J 

It  UJ  s  a 

z 

Ul 

a 

00  O 

z 

Z 

U 

II 

UJ 

II 
II  ■ 

II 
II 

00  O  t- 

1- 

m 

>  O  o 

II  cr 
_  II  '^— 

UJ 

1— « 

< 

(T 

00 

^ 

CD 

1- 

— 

< 

11 

- 

cr 

II 
II 

II 
II 

II 
II 

II 
It 

q: 

O 

II 
II 

II 

tl 

It 
II 

It 
II 

Q 

II 
II 

z 

II 
II 

11 
It 

11 
It 

1/) 

< 

II 

O  1- 

II 

< 

00 

II  < 

l/l 

< 

00 

< 

00 

II 

u 

II 

CH 

z 

It 

> 

II  > 

u 

a 

II 

z 

II 

K 

UJ 

II 

1 

II    1 

1 

1 

tl 

3 

II 

U  Q 

II 

(J 

^• 

II   u 

*- 

u 

.— 

u 

(N 

II 

II 

< 

►-« 

II 

00 

1 

II    00 

t 

OO 

1 

1/1 

1 

II 

II 
II  ' 

II 
II 
II 

-> 

•~ 

II    -3 
_   II  __ 

"~ 

-> 

n 

-> 

ro 

II 

II 

II 

II 

II 

II 

o  cc 

II    UJ 

l-l 

II 

II 

II 

5  O 

II  S 

-I 

II 

II 

II 

UJ 

u. 

II    3 

UJ 

It 

II 

II 

cr 

II  cr 

z 

It 

II 

II 

> 

II  1- 

z 

It 

II 

z 

It 

tr 

t- 

II  (/> 

< 

It 

It 

o 

II 

UJ 

t— 1 

II    z 

I 

It 

II 

1— t 

It 

1- 

_l 

II  >-i 

o 

It 

II 

f- 

II 

< 

>— I 

00 

II 

UJ 

II 

II 

a 

II 

s 

m 

_i 

II  -1 

a 

It 

II 

i-< 

II 

< 

-I 

II  _i 

It 

II 

a 

II 

u. 

a 

LU 

It     UJ 

z 

II 

II 

taM 

u 

It 

O 

< 

(_) 

II  (_l 

o 

z 

It 

II 

cr 

00 

It 

u 

II 

o 

It 

II 
II 

Q 

1/1 

UJ 
Q 

II 
II 

00 

00 

_i 

UJ 

II  -1 

II     UJ 

1- 
< 

(- 

II 
II 

II 

tl 

O 

< 

3 

It    3 

t— 

4 

tl 

II 

It  ' 

II 
II 
II 

_i 

> 

u. 

It    u. 

z 

rsl 

II 

^ 

II 

t-  00  1- 

It 

II 

1 

II 

<  to 

u 

II 

II 

II 

CM' 
O 

It 
II  . 

U  -1 

< 

II 
II 
II 

It 

—  It  ■^— 

It 

II 

II 

It 

(N 

II 

11 
11 

II 
tl 

II 

tl 
II 
II 

It 
II 
It 

O 

II 

It 

a 

II 

It 

z 

II 

It 

a. 

UJ 

11 
It 

;o 

It 

II    00 

It 
II 

1- 

II 

z 

CD 

II 

D 

II    00 

II 

o: 

II 

S 

II 

O 

It  o 

II 

o 

II 

o 

3 

II 

O 

II  o 

II 

a 

It 

a 

Z 

II 

CO 

II   CO 

It 

a: 

II 

_. 

It 

_. 

_. 

»l 

II 

477 


cs  CO 


O  03 

z  o 

UJ  UJ 
<  < 

o.  o 


1/1 

z 

i/l  O 

O 
K  < 

<  z 

UJ 

I-  a. 

o 
1/1 

a 

UJ 

ts) 
(T 

a  o 

o 

O  UJ 

t- 
i/l  < 

u 

z 
3 


o 


o 

z 


a: 
O 
a. 

UJ 

a: 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

UJ 

M 

II 

-J 

II 

II 

1- 

D 

II 

II 

I/) 

I 

Q 

II 

M 

K 

\- 

o 

UJ 

II 

II 

O 

00 

»-l 

I 

II 

II 

<t 

O  UJ  o 

II 

II 

a  o  J 

iA 

II 

II 

z 

II 

II 

tmt 

II 

II 

II 
II 

II 
II 
II 

II 

o 

II 

II 

tr 

II 

II 

UJ  O 

II 

II 

H 

II 

(O 

(O 

(O 

(0 

II 

< 

ac 

II 

CO 

03 

03 

1  cs 

II 

Q  O 

II 

^ 

z 

^ 

Z 

>.. 

Z 

1    v« 

z 

II 

00 

II 

9~ 

< 

•■ 

< 

f— 

<               1 

1    O) 

< 

II 

UJ 

z 

II 

a 

1 

o 

1 

o 

1                1 

1  o 

1 

II 

D  O 

II 

^ 

u 

■V  (J 

^ 

U                1 

1  -V, 

o 

II 

o  a 

II 

0) 

01 

01  00 

O)  00                1 

1    U1  00 

II 
II 
II 

00 

II 
II 
II 

o 

~> 

o 

-> 

o 

->           1 

o 

-> 

II 

II 

o 

1- 

cr 

1 

Z    1 

II 

II 

z 

»-« 

o  < 

^  o 

O  UJ 

II 

II 

»H 

-J  z 

u. 

h- 

1  z 

< 

1- 

o 

"  r 

II 

II 

£r 

-I  m 

z 

1  O  UJ 

z 

00  O        UJ  CD  3 

II 

II 

z 

UJ 

UJ 

3 

m  UJ 

»-« 

-J 

> 

>-l 

UJ  00       X  o  UJ 

II 

II 

o  UJ  u  00  o  s 

1  1- 

1- 

ca 

Q                (-   QC  « 

11 

II 

t-« 

z 

oe 

UJ 

1  <  o 

i-i 

z 

Q    ■      a  > 

II 

II 

1- 

»^ 

-1 

0. 

_l 

1  1- 

z 

_j 

3 

UJ   Z  OO  O         UJ 

II 

II 

< 

i3  ID 

a 

1  z 

(-« 

i-i 

-I 

Q  <  1-  f-  -•  cr 

II 

II 

o 

Z 

3  r 

1-^ 

z 

> 

1  UJ  a 

CO 

a 

r)      u      « 

H 

II 

1^ 

UJ 

u. 

O 

HH 

•"-I 

tM 

1  z 

f^ 

< 

\ 

_l  00  <  00         z 

II 

II 

U. 

>-• 

O 

1    UJ 

> 

a. 

cr  o  z  a  1-  _j  o 

II 

II 

f^ 

Q 

_l 

H 

' 

z 

^~ 

1    _JO<OZOZ-JUJ-. 

II 

Q 

II 

Q 

Z 

UJ 

< 

UJ  O 

1 

1  a 

cr 

o 

1- 

K,    «    «    3     >    00 

II 

UJ 

II 

O 

< 

Z  1- 

> 

^^ 

> 

1  z 

a 

< 

K         t/1  UJ  UJ 

II 

z 

a. 

II 

z 

z 

Z  UJ  H  O 

*-4 

z 

t-i 

<  1-  UJ   _)  Q 

II 

o 

i-t 

II 

UJ 

< 

UJ 

-I 

< 

IX  o  a 

•  a  (/I  cr 

II 

3 

II 

UJ 

cr 

r 

Z 

u 

z 

1    UJ  O 

HH 

< 

00  UJ  o      -1  Z 

• 

II 

h- 

o 

II 

Q 

< 

o 

3 

UJ 

HH 

1    01 

u. 

1- 

cr 

Z  Q  U  H   <   UJ 

'S 

II 

u 

UJ 

II 

5 

UJ 

a 

I 

u. 

1  O 

< 

UJ  «  ^  cr  >-■  1- 

a 

II 

< 

cr 

II 

> 

O 

q: 

K 

1- 

t-H 

z 

1  a 

z 

_l 

r 

h-  1/1  UJ  O  O  1/1 

cr 

11 

II 

O 

(T 

00 

Q 

o 

1  o 

< 

o 

1- 

00  z  -I  a  UJ  > 

< 

II 

II 

cr 

< 

o 

z 

O  O 

1^ 

1  a 

_j 

1/1  o 

>  O  o  UJ  a  00 

o 

II 
II 
II 

II 
II 
II 

a 

r 

1- 

" 

1- 

Z  1- 

1  a 

a 

-' 

co 

00  O  Q  QC  00  w 

m 

II 

II 

II 

II 

II 
II 

II 

II 

i 

II 

z 

II 

II 

o 

K 

II 

< 

1/1 

< 

00 

< 

l/l 

1  < 

00 

II 

t~4 

Z 

II 

> 

> 

> 

1  > 

II 

1- 

UJ 

II 

1 

1 

1 

1    1 

II 

U  Q 

II 

o 

•— 

o 

<M 

u 

fO                 1 

1  u 

^ 

II 

II 
II 
II 

< 

-■ 

II 

II 
II 
II 

i/i 

-> 

1 

00 

-) 

1 

00 

-J 

1 

1    00 

1  -> 

1 

*" 

*" 

*" 

II 

II 

UJ 

l~^ 

z 

II 

II 

Z 

_l 

1  o 

II 

II 

O  UJ 

II 

II 

a. 

Z 

1  1- 

II 

M 

h- 

Z 

1  < 

It 

Z 

II 

00 

< 

1  -J 

II 

o 

II 

z 

X 

1  o 

II 

t— 1 

II 

»— ■ 

(J 

1    00 

II 

(- 

II 

UJ 

*— • 

11 

a 

II 

-I 

a 

II 

•-» 

II 

_l 

1  q: 

II 

a 

II 

UJ 

z 

1  O 

II 

»-« 

o 

II 

u  o 

z 

1  1- 

II 

K 

1/1 

II 

»-• 

o 

1  < 

II 

Q 

UJ 

M 

_l 

1- 

t~t 

1  i-H 

II 

1/1 

Q 

II 

UJ 

< 

y- 

1   Q 

II 

II 

3 

1- 

< 

1   < 

II 

II 
II 

II 
II 
II 

u. 

z 

M 

1    C£ 

1- 

1/1 

1- 

II 

< 

1/1 

u 

II 

II 
M 
II 

u 

■- 

< 

II 
II 
II 

H 

II 

II 
II 

II 

II 

^ 

II 

II 

cr 

II 

a 

II 

II 

II 
II 

Z 

UJ 

m 

s 

II 

II 
II 

o 

1    « 
1    «T 

1    O 

II 

u 

o 

II 

o 

1    O 

M 
II 

a. 

z 

II 
M 

lO 

1    (0 

64-548    0—86 16 


478 


If)  CO 

(N  CD 


o  a 

z  o 

lU  UJ 
O  1- 

<  < 

a.  a 

II 
II 

II 
II 

II 

II 

II 

II 

II 

It 

II 

UJ 

II 

II 

_; 

II 

II 

K   3 

II 

II 

1/1 

I  Q 

II 

II 

1- 

1-  O  UJ 

II 

II 

u 

(/) 

"  r 

II 

II 

< 

o 

UJ  u 

II 

II 

a 

U  5  1/1 

II 

II 

s 

II 

II 

t—t 

II 

II 
II 
II 

II 
^  II 

II 

II 

C5 

II 

II 

a 

II 

II 

UJ  o 

II 

II 

1- 

1   10 

II 

(0 

II 

<  cr 

1    IS 

II 

CO 

II 

Q  O 

1  ^i. 

s 

II 

>^ 

< 

II 

l/l 

1   cs 

< 

II 

01  UJ 

II 

UJ  Z 

1  o 

1 

II 

•— 

1 

II 

3  O 

1   -v  o 

II 

^  o 

11 

Q  a 

1  in 

(/I 

II 

in  00 

II 
II 
II 

tA 

1  o 

-) 

II 
_  II 

o  -) 

II 

II 

1 

1 

UJ 

II 

II 

cr  o  Q  X 

II 

1 

00         Q 

II 

1  i/i 

UJ  S  UJ  H 

-I 

II 

M    UJ 

00 

-1          UJ 

II 

1  z  UJ  o  t- 

< 

s 

II 

u.  X  H 

<  X  "H  UJ  CD  S 

II 

1  o 

z 

O 

< 

U. 

i-i 

UJ 

/— N 

II 

■->  t- 

(_) 

UJ  U  U.   X  U  UJ 

II 

1  t^ 

1^ 

u 

t-^ 

o 

1- 

u 

1- 

Q 

II 

1- 

UJ 

00  i-i  HM  1-  a  1-1 

II 

1  h-  a  <  o 

K 

K 

UJ  00 

IT 

II 

u. 

cr  ix 

Z 

X  1-      a  > 

II 

1  < 

z 

O 

z  cr 

O  Q. 

> 

< 

II 

O  UJ  O 

z 

>  5  ir  o      UJ 

II 

1  oujoi/>ooa.i/)i/)o 

II 

o  U. 

o 

q:       uj  h  i-<  q: 

CO 

II 

N4 

t- 

00 

1^ 

o  UJ 

^^ 

CO 

II 

UJ 

o 

<  00  o       •-■ 

z 

II 

1   u. 

UJ 

< 

K 

< 

a 

UJ 

II 

a 

-1  s  00  a  UJ      00      z 

o 

II 

1^ 

_l 

cr 

< 

X  ID  3 

II 

o  <  < 

»^ 

z  >  z  t-  _l  o 

!-• 

II 

1   Q  1-  O  O  tJ  1/1 

1- 

o 

UJ 

II 

<_> 

UJ  cr 

a  o  -1  uj  -1  UJ  •-■ 

1- 

II 

a  1 

1   O  1- 

K 

z 

t-^ 

-1 

. 

cr 

1-4 

II 

00 

1/0  O 

U  <  UJ   D   >  00 

u 

II 

UJ    1 

S  3  < 

1— t 

U. 

h- 

> 

o  a 

> 

II 

o 

: 

UJ   >   (D  1/1  Ol   UJ 

< 

II 

z  a:  1 

X 

_l 

t- 

»^ 

cr 

K 

1- 

UJ 

II 

UJ 

>  cr 

r» 

00                UJ   -1  Q 

II 

O  «   1 

UJ 

00 

r>  00 

cr 

f^ 

»-i 

cr 

II 

z 

cr  a. 

^ 

<r  t-  cr 

z 

II 

«  D   1 

1    H 

z 

UJ 

UJ 

OO 

-I 

00 

•-I 

II 

1— 1 

< 

>  UJ  O       -J  S     • 

UJ 

II 

1-  a  1 

1    < 

UJ 

K 

> 

1 

•-^ 

1- 

z 

II 

sc3zazizi-<uj-^ 

a. 

II 

U  UJ    1 

1   Z)  X 

00 

1-  CD 

_l 

-1 

o 

II 

a 

z  o 

z 

<  1-      cr  —  1-  Q 

o 

II 

<  a  1 

1   -i 

1- 

UJ 

X 

>^ 

< 

3 

UJ 

l-H 

II 

UJ 

O  " 

< 

o  UJ  o  u  00  cr 

II 

< 

O  (- 

H 

_l 

a 

oO 

> 

00 

II 

1- 

u  t- 

Q      >  a  UJ  >  < 

Q 

II 

>  o 

z 

< 

1-^ 

a 

< 

UJ 

UJ 

UJ 

II 

UJ 

UJ  < 

: 

z  u.  <  UJ  a  00  o 

II 
II 
II 

1    UJ 

1- 

O 

S 

00 

u 

cr 

_l 

Q 

II 

Q  00  tj 

^ 

<  O  I  a  00  — 'ID 

11 

cr 

II 

II 

O 

II 

II 

o 

II 

H 

ILl 

II 

II 

t- 

11 

Z         1 

II 

< 

II 

O  1-    1 

1  < 

00 

II 

< 

00 

u 

II 

-  Z    1 

1  > 

II 

> 

z 

II 

1-  UJ    1 

1    1 

II 

1 

3 

II 
II 

<_)  Q    1 

<  "I    1 

1  u 

1    00 

1 

II 
II 

u 

00 

1 

II 

l( 

1  ->  m 

II 
^  II 

-5 

•- 

II 

II 

II 

ffi  o 

II 

1- 

Z  1- 

II 

1  < 

-1 

00 

II 

UJ 

a  -1 

II 

1  a 

» 

II 

o  u. 

II 

1  < 

> 

UJ 

II 

S 

II 

1  o 

_l 

S 

II 

o 

a  a. 

II 

Z    1 

n. 

00 

II 

cr 

z  o 

II 

O   1 

1  lo 

< 

oo 

II 

u. 

a 

II 

1-^ 

1  -1 

UJ 

II 

D  Q 

II 

1-  1 

1  1- 

CD 

II 

UJ 

a  z 

II 

a.  1 

1  a 

cr 

II 

O 

o 

II 

•^ 

O  oc 

II 

< 

m  u 

II 

q: 

1  i/i 

u. 

o 

II 

:C 

s  ^ 

II 

—  o 

1    1 

II 

< 

3  Q 

II 

o:  uo 

1  1- 

> 

(N 

II 

UJ 

< 

II 

O  UJ 

1      H^ 

K 

II 

_J 

CD  O 

II 

l/l  Q 

1      _f 

H^ 

• 

II 

cr  -I 

II 

1  a 

-J 

00 

II 

CM 

o 

II 

II 
II 

1  1/1 

»-» 

00 

II 

r 

^  Q 

1- 

t/)  1- 

M 

II 

< 

1/1  o 

II 

M 
II 
II 

— 

a 

—  < 

II 

-   II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

s 

11 

II 

UJ    1 

1    O) 

II 

CO 

M 

Z  ID 

1  T 

II 

in 

II 

-  S    1 

1  o 

M 

o 

II 

U  3   1 

1  o 

II 

o 

II 

Q.  Z    1 

1    lO 

II 

i£> 

479 


10 

o 

SI 

II 
II 

M 
M 
II 
II 

II 
II 
II 
II 
II 
UJ    II 

II 
II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
II 

II 

Z 

O 

11 

_J    II 

II 

II 

1-   D    M 

II 
II 
II 
II 
II 
II 
II 
II 
-  II 

LU 

IXI 

II     1/1 

X  Q   II 

II 
II 
II 

O 

h- 

II     (- 

1-  O  UJ   II 

< 

< 

II   u 

on  ►-  I  II 

a. 

Q 

II  < 

O  UJ  O    II 

II 

II  a 
II   S 
II  — 
It 
II  — 

M 

(J  5  i/i  II 
II 
II 
II 

^. 

__. 



II 
II 
II 

II 

—  II          "■ 

II 

II 

H 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
-  II 

II 

C3   II 

II 

II 

cr  II 

II 

II 

UJ  O   II 

II 

II 

1-        II  <o 

II  <o 

II 

<  a  II  CD 

II    00 

II 

Q  O   II  ^ 

< 

II  ^  < 

II 

00    II    0)  UJ 

II  -  > 

II 

UJ  z  II  — 

1 

II  —  1 

II 

3  O  II  -^ 

u 

II  ^  o 

II 

o  a  II  in 

10 

II    00  00 

II 

(/)   II   o 

-> 

HO-) 

II   

II 
II 
II 

II 
II 

> 

II 
II    Z 

00 

X 

II 
II 

II 

o 

1 

t- 

II    1-1 

1- 

o 

1- 

II 

II 

II 

Z  K 

'"^ 

HH 

II          O 

UJ 

UJ 

►-* 

1-^ 

II 

II 

II 

o 

1- 

> 

UJ 

m 

3 

II    UJ   Z 

_1 

UJ 

-I 

1- 

3 

II 

II 

II    UJ 

h- 

UJ 

UJ 

< 

r  o 

UJ 

II  o  >-■ 

u 

1 1- 

1/1 

II 

II 

II  -J 

■^ 

1- 

O  1- 

oc 

l-l 

II    Z  IT 

»-• 

1- 

3 

►-1 

Z 

O 

z 

II 

II 

II    =3  UJ  Ul  UJ 

a 

> 

II  <  UJ  X 

O  QC  C5  UJ 

o 

II 

II 

II  Q  s  Q  r  -J  o 

UJ 

II   I  X 

UJ 

UJ 

UJ 

1^ 

1- 

II 

II 

II    UJ 

UJ 

H 

< 

1- 

»-i 

q: 

II    <J  K 

> 

z 

Q  1- 

00 

< 

z 

II 

t/> 

II 

II  I 

_l 

00 

IJ 

1^ 

II      < 

1-1 

Z 

o 

UJ 

»-< 

00 

UJ 

II 

Z 

tl 

II   u 

a. 

< 

OC 

(/i 

z 

II  00  O  1-  S  < 

< 

Q  O 

< 

1- 

II 

II 

II  m 

S  O  O  -1  H  -I  (J 

II  l-l 

-1 

QC 

QC 

o  o 

LO 

II 

II 

II  "v 

u. 

,_4 

_i 

UJ 

p~i 

II  1 1- 

u. 

UJ 

1- 

< 

E 

1/1 

> 

II 

3  K 

II 

Q    II    K 

00 

CO 

3 

> 

00 

II    h-  U 

1- 

UJ 

X  O 

00 

00 

00 

II 

o 

II 

UJ    II    1/1 

u. 

=>  Z  S 

00 

UJ 

UJ 

II           UJ 

-I 

UJ 

_l 

o 

u. 

< 

3 

II 

K   < 

It 

z  Ct  II  o  o  o 

UJ 

D 

UJ 

-J 

O 

11    1-   -5 

< 

Q 

z 

O 

z 

II 

II 

O  •-•   II  o 

Q  t- 

cr 

11   Z  O  Z 

1-1 

UJ 

1- 

LO  a 

o 

II 

<  Z 

UJ 

II 

1-1  3   II 

1/1 

o: 

00 

o: 

_l 

s 

II  UJ  q: 

o  o 

1- 

3 

1-  " 

o: 

•— ' 

II 

II 

K  CT    11    </l 

1- 

<. 

> 

UJ 

1- 

< 

UJ 

^^ 

II  s  a 

1-1 

1- 

z 

< 

a 

a. 

< 

1-  'J 

II 

>-   CL 

II 

O  UJ    II    1/1 

o 

tvj 

00 

1- 

a. 

1-4 

1- 

Q 

II    UJ 

1- 

UJ 

cr 

z 

UJ 

N 

l_>  o 

II 

o 

II 

<  cr  II  UJ 

< 

< 

»-« 

o  u 

00 

cr 

II  -J  cr 

►-1 

< 

1- 

S 

•-1 

o 

< 

UJ    — 

II 

II 

II  1/1 

a. 

I 

z 

n 

a. 

UJ 

> 

< 

II  a  13 

Q 

1- 

00  o 

z 

X 

1-   1 

II 

Q 

UJ 

II 

II  1/1 

s 

O  a. 

UJ 

a 

00  O 

11  s  o 

Q 

< 

> 

-J 

OO 

o 

UJ   > 

II 

II 

II  < 

»-l 

< 

o  cr 

lo 

—' 

m 

II  1-1  > 
II  ^_.^ 

< 

O 

00 

U. 

< 

u 

< 

o  o 

II 
—  II 

ISI 

II   — 
II 

II 

II 

II 
II 
II 
II 
II 
II 

a 

II 

II 

II 

ct  o 

II 

II 

It 

o 

II 

II 

II 

Q  LU 

II 

II 

II 

^- 

II 

Z          11 

II 

i/i  < 

II 

O  t-    II   < 

00 

II  S 

1/1 

II 

II 
II 
II 
II 

II 
—  II 

u 

II 

~  Z    II    > 

II   t3 

Z 

II 

1-    UJ     II      1 

II     1 

3 

II 

<_)  Q   II   O 

-— 

II   (_)  — 

II 

<  1-1   II   (/I 

1 

11    00     1 

II 

II    -> 

CM 

II   ^  ^ 
—  II  ^— *'^'— 



II   — 
II 

II 

II 

II 

II 

II 

II        1-1 

II 

II 

II 

II         -J 

II 

II 

II 

II    UJ  •- 

-— ^ 

II 

II 

II 

II    O  CD 

CO 

II 

11 

II 

II    <  S 

10 

II 

II 

Z   II 

11    :i  3 

o 

II 

II 

O   II 

II    < 

a 

II 

II 

•1  II 

II   UJ  m 

<o 

II 

II 

h-    II 

II  -I  cr 

00 

II 

II 

a  II 

II        o 

II 

II 

>-•  II 

II  z  -^ 

u. 

II 

II 
II 

cr  II 

1-1  U    II 

II     UJ    h- 
II     O    UJ 

UJ 

II 
II 
II 

II 

q:  1/1  II 

II  o 

'-' 

II 

O  UJ    II 

11  a  2 

II 

II 
II 

c/l  Q    II 
II 

II   Ci  o 

II  >  cr 

_i 
< 

II 

II 

II 

II 

1-  1/1  H    II 

II    I  u. 

u 



II 
—  II 

<T 

II   — 
II 

II 

II 
II 
II 

—  II 

1 

II 

<  00  <_)  II 

II 

<N 

II 

O  1-1   <    II 

II 



O 

II   - 
II 

II 

II 

II 
II 

CM 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
II 
II 
II 

o 

II 

M 

II  < 

z 

II 

(T    II 

II 

II 

UJ    II    CO 

II    PO 

t— 

II 

Z   CD    II    U1 

11  in 

cr 

II 

-  S    II    O 

II   o 

II 

II 

II 

o 

II 

<_;  D  11  O 

11   o 

a. 

II 

a  z  11  ^ 

11    ID 

UJ 

II 

It 

__ 





__ 

__ 

__ 



___ 

II 









— 

— 



II 

480 


r-  to 
IN  CD 

II 

' 

II 

■ 

■ 

~ 

>-. 

II 

II 

^ 

II 

II 

V- 

n 

II 

•     **s 

II 

II 

O  CD 

II 

UJ 

II 

z  o 

II 
II 

1- 

-I 
3 

II 
II 

Ol  UJ 

II 

<A 

r  o 

II 

O  K 

II 

\- 

K 

O  UJ 

II 

<  < 

II 

O 

l/l 

*-i 

r 

II 

a  Q 

M 

<  O  UJ  u 

II 

II 

0. 

u 

2  to 

II 

II 

s 

II 

II 

II 

II 
II 
II 

II 
II 

II 

1 

II 

o 

II 

II 

a. 

II 

II 

UJ  O 

II 

II 

1- 

II 

(0 

lO 

II 

<  a 

II 

a 

IS 

II 

o  o 

II 

^  UJ 

>.  UJ 

II 

(/) 

II 

in  < 

U)  < 

It 

UJ 

z 

II 

CM    1 

CM    1 

II 

3  o 

II 

^  u 

"^  o 

It 

Q  a 

II 

r»  (/I 

r^  </) 

II 
II 
II 

00 

II 
11 

o  -) 

o  -> 

II 

II 

II 

1 

>      (SI  a      I       1            IK 

n 

II 

oi-K      roio      z         <      a. 

II 

II 

z 

UJ 

►-.1         v.t/i<        «       C3(J       O-l 

II 

II 

a 

_ir->Qujuj           izi-      a<- 

II 

II 

UJ  1- 

►-  —  i-zq:      cr_iuji-iQ_iuj«^ 

II 

II 

-1  z 

00 

ID      ■-<aoo<crooz_iaocD 

II 

II 

3  UJ 

< 

<  a.  >           KU.UJ       z<-i<    -uja: 

II 

II 

azoao<z<          uiujuj      azaa 

II 

II 

Ui  UJ 

<U.OO         l->         QOOOUJUJOOOO 

I/) 

II 

II 

I  -1 

1/1 

u          —U.ZI-U.3      z>i-      — ' 

z 

II 

II 

u  a. 

3 

co_ii-ouj>-iO-iq:>-'Ooouj 

iA  O 

II 

II 

OOSOS-I<U        S>        UOI-        >  X  <D 

1— 1 

II 

II 

^  »-• 

a 

UJ><JUJZUJ<ZZU.I-UJ00l-O 

z>  \- 

II 

Q 

II 

K 

cr 

1-      -ii-ocruo'-'      "r         q: 

u 

II 

UJ 

II 

t/)  U. 

< 

00Q_IUJ>-'3       i->       ooskooq. 

1- 

< 

II 

z  a. 

II 

o  o 

N 

>Z>-iQ|-00_IH         1-00         ZH 

II 

o 

►-• 

II 

(J 

< 

00<(D        —<<<     •ZZO'-        — 

< 

z 

II 

3 

II 

00 

r 

SujQujoo>uj<i-crooi-i 

UJ 

II 

K 

O 

II 

00  1- 

Z030QS  —  —  l-Sir        OH 

H 

a 

II 

(J 

UJ 

II 

01  O 

Q 

OOO         <<          _IU.><UJI-OOI-_I_I 

o 

II 

< 

cr 

II 

UJ  < 

UJ 

—  ■:£.  T  ^        UJ  ^  ->  (T  CC        Z>-'3UJ 

(/I 

Q 

Mi 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

t/1  Q. 

oo  S 

<  " 

O 

Q 

< 

f-      u<ujaoDao-'QOzi/i> 

U(-ZUjr3SUJUJ3Z>-iOUJUJ 

uj«i  —  _ji-oo3>i-o«ti-S(r_i 

_ 

cr 

II 

II 

a 

o 

II 
II 

II 
11 

O  Ui 

II 

II 

1/1 

K 

II 

Z 

II 

-I 

i/i 

< 

II 

O  1- 

II 

UJ 

00 

>       00 

U 

II 

•— 1 

z 

II 

z 

1 

z 

II 

H 

UJ 

II 

1 

u. 

3 

II 

11 
II 

II 

M 

< 

o 

II 
II 
II 

U  — 

00   1 
^  — 

<  CM 
00    1 

3  — 

II 

II 

II 

»-  < 

II 

II 

UJ  O 

II 

II 

-I 

1- 

II 

II 

s 

X 

II 

II 

O  -1 

(J 

II 

z 

II 

a  < 

>-« 

II 

o 

II 

U.  u 

-1 

II 

1— 1 

II 

»-* 

u. 

II 

1- 

II 

UJ   -J 

II 

0. 

II 

o  - 

cr 

II 

*-l 

II 

<  o 

o 

II 

a. 

II 

^  S 

II 

t— t 

u 

II 

<  3  Q 

II 

cc 

1/1 

II 

UJ 

z 

II 

O  UJ 

II 

-J  m 

o 

II 

1/1 

a 

II 

cr 

o 

II 

II 

CM  o 

^ 

M 
II 
II 

II 

r  v. 

Q 

»» 

1- 

01  K 

II 

1 

II 

< 

\f\  O 

II 

CM 
O 

II 
II 
II 

u 

1  ►-• 

< 

II 
II 

II 

M 

II 
II 
II 

II 
II 

II 

CN 

o 

II 

II 

cr 

z 

II 
II 

cr 

UI 

II 
II 

CO 

1- 

II 

z 

o 

II 

in 

cr 

II 

»-• 

s 

II 

o 

o 

II 

!_1 

n 

II 

o 

a 

II 

a 

z 

II 

IX) 

II 

II 

/■ 


481 


CM  00 


O  CO 
Z  O 

UJ  ID 
l3  I- 

<  < 


II 

II 

II 

II 

II 

II 

II 

K    1/1 

M    h- 

M    O 


II  ■ 
II    I 

II  : 
II  I 
II 

M   - 

II 

II 

II 

II 

II 

H 

M 

II 

II 

II 

II 

II 

II  ■ 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

(/I    II 

Z    II 
i/l  O   II 

-•  II 
D  I- 

o 

K   < 


<  z 


a 
o 


II 
II 
II 
II 
II 
II 
II 
II 
II 

Q  II 
UJ  II 
IM    II  - 

>-•    HI     II 

OC  II 
Ct  O    II 

O  II 
Q  UJ    II 

I-  II 
II 
II 
II 
II 
II 
II 
II 
II 


I/)  < 
O 

z 


II 

II 

II 

"» 

II 

1 

II 

CN 

II 

O 

II 

— 

II 

CN 

II 

II 

o 

II 

z 

II 

II 

1- 

11 

cc 

II 

o 

II 

a 

!l 

UJ 

_l 

I-  Z) 

I  Q 

t-  UJ  UJ 

i/l  •-•  I 

O  UJ  u 

U  J  I/) 


o 
a 
UJ  o 
I- 

<  tr 
Q  o 
ui 
UJ  Z 
D  O 

o  a. 


o 

UJ 

z  cr 

O    !-• 

I-  a 

U  UJ 

4  cr 


Z    I 

•-  o 

UJ  I-  UJ 
_l  Z  H 
3  UJ  UJ 

a  z  o 

UJ  UJ 
X  -J  ui 

i_>  a.  < 

I/ISO 

H  1/1 

l/l  U.  3 

O  O  O 

U  Q 

1/1  a 
1/1 1-  < 

1/1  u  M 
UJ  <  < 

1/1  a  r 
<  ■-■  < 


CD 

^  UJ 

II  01  < 
II    —     I 

II    ^  U 

II  in  to 

II  o  -> 

II 

II 

UJ 

X 


a  o 
o  u. 

o  at 

z  o 
<  1/1 

z 

Z  UJ 
UJ  1/1 

I- 

1/1  UJ 

>  ct 

1/1  3 

1/1 

Z  to 
O  UJ 

I-  a 


-I  z> 

4  1/1 
U  UJ 

•1  <r 


o  cr 
z  o 
3  a 

UJ 

q:  a 

UJ 


o  > 

cr  1- 

o  - 

^  > 

I-  4 

UJ  U 


UJ  Z 

>  o 

UJ  t^ 

_1  in 

UJ 

-I  o     ■ 

4         '^ 

»  z  o 
u  UJ  a: 

Ul  I-  4 

a  lo  o 
(/>  >  (D 

to 
UJ  -/  5 

I  UJ 

K  en  >-' 

u  > 

o  a  UJ 
I-  a  q: 


4  u. 
cr  o 


II  u 


O  z 
cr  o 
a.  i-H 


a 
mod 

UJ  I-  UJ 

>   4  H 

z>  < 
_J 

U  UJ 

4  a 


I-  u.  I  o 


II  t-  4 

II  1/1  O 

II  Ul  M 

II 

II 

II  4  I- 

II  C£ 

II  UJ  UJ 

II  Z  O 


z  to 

UJ  to 
a  UJ 


II  u.  cr 
II  UJ  o 
II  O  u. 


UJ 

Q  I 
Z  I- 

4 
X 

(N 
O  — 

-J  s  > 


I-  Z 


to  >-• 

_1 

3  -I 
to  UJ 
UJ   > 

UJ  cr  UJ 
_i      -J 

D  K 

o  cr  -J 

UJ  o  4 

X  Q.  >-• 
u  UJ  u 
to  q:  UJ 
a 
Q  •  to 
z  to 

4   I-  UJ 

O  I 

1-4  1- 

to  a. 
o  s  o 
(_)•-"  I- 


z 
o 

to 

UJ 
Q     • 

Z  D 

UJ  cr 

I-   4 

to  o 

>  CQ 

to 
-'3 

UJ 

ffl     »-4 

u  > 

cr  UJ 
a  cr 


4   •-" 


z 

O  t- 

—  z 

I-   UJ    II      I 

U  Q    II    U  — 

II    1/1    I 

II    ->  IN 
II 

II 

II 

II 

II 

II 

II 
Z  II 
O  II 
•-I  II 
I-   II 


4 
> 

I 
II   u  — 
II   to    I 
II  -1  — 


U  S 

II  o 

II    UJ  -I 

II    >  u. 

II  -i 

4  O 

>  z 


II 


II 


a 

■-•  <_) 

q:  to 

O  UJ 

to  a 

II  cr  cr 

\\  a.  z) 

II  o 

II  (N 


X  UJ 
_i  cr 

tl    (N  tO 
MOO 

II  _l  _l 


II 


II 

II 

II 

II 

(N 

II 

a 

ct 

II 

UJ 

II 

n 

Z  CD 

II 

in 

-  s 

II 

o 

t^  -D 

II 

o 

a  z 

II 
II 

(fl 

II 

II 

II 

II 

II 

II 

II 

in 

II 

in 

II 

o 

II 
II 
II 
II 
II 
It 
II 
II 
II 
II 
II 
II 
II 
II 
II 

■  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

-  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


t-  to  1- 
4  to  (_) 

il  o 
II  iD 


482 


01 

ID 
00 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

11 
II 
II 
11 
II 

o 

CO 

II 

UJ    II 

II 

z 

o 

II 

II 

_1    II 
K   D    II 

II 
II 

UJ 

UJ 

II    1/1 

r  o  II 

II 

O 

*— 

II    1- 

K  O  UJ    II 

II 

< 

< 

II    U 

to  >-  I    II 

II 

a 

a 

II    < 

O  UJ  U    II 

II 

II  a  o  s  i/i  II 

II 

II  s 

II 

II 

II  "- 

II 

II 

II 

II 

II 

II  — 
II 

II 

II 

II 

O   II 

II 

II 

a  II 

II 

II 

UJ  O  II 

II 

II 

1-        II  ;o 

11  CO 

II 

<  cr  II  00 

II    IS 

II 

Q  O    II    ^  UJ 

II    >.  UJ 

II 

1/1  II  0)  < 

II    CM  < 

II 

UJ  Z    II    -     1 

II    (N    1 

II 

3  O  II  ^  u 

II    ^  O 

II 

o  a  II  in  uo 

II  in  to 

II 

1/1  II  o  -) 

no-) 
~  II  — ^•^^~*' 

II  — 
II 

II 

II 

II 

II 

u.            1                          to 

II 

II 

II 

O   1        <        1        St-" 

M                 Z 

II 

II 

<         _l  UI  <         UJ         -J  ►-■ 

II          U.  O 

_j 

II 

II 

to  N      UJ  r  N      t-      3 

II        o  •-• 

<  a    • 

11 

II 

ui-H      cri-i-iujtoujio-j 

II           1- 

i-i  UJ  ^ 

II 

II        o 

*-i  a  z          a:a>(nuJuJZ 

II          Z   U 

O  1-  Q 

II 

II        HS30I-U.Z)3<0       (r>o 

II          O  UJ 

H 

UJ  to  ce 

(1 

II 

<(/1l-iZO</14/>          >          Ull-i 

II  >  •-  1- 

cr 

a  >  < 

II 

II  o  to 

zioh-uj      toto(r<t-_ito 

II  (xtouiotoi/io 

iy> 

II 

iizi->uj<sujujujujsa:      UJ 

II   <  UI  G 

a 

wen 

z 

II 

ii<uQ(rrMZir(r(rl      O-iQ    • 

II  to  o 

UJ 

UJ 

1/)  o 

II 

II       < 

Q.«03aa(-i-a<      '-> 

II    1/1          2t 

cr 

X  III  S 

t-« 

II 

II   1-  Q. 

UJIKK-I             0<UJ>-iZO 

II  UI  cr  < 

1-  U  UI 

3  H 

II 

QiitoSNuJZ)>-i"04l      laoujcr 

II    U  O  UI 

cr  •-• 

o 

II 

ui   II  O  •-' 

i-i(rto><xujQi-      uji-< 

II    UJ   U.    -J 

> 

o  Q.  > 

1-   4 

II 

z  a:  II  u 

iratozu.ot-z        -ai/io 

II  z 

h- 

K          UJ 

II 

O  •-•  II       UJ 

UJ      ujuj          to<toato>a) 

II      <  -1 

»-i 

—  a 

<  z 

II 

>H  3  II  a  -I 

l-<NQC         OtN>         l-UJ         to 

11    UJ  1-4   UI 

_l 

to  <-• 

UJ 

II 

y-  a  M  or)ora5i-*toazf-uj-'S 

»  a  a  -D 

•-• 

1-       z 

1-   Q. 

II 

(J  UI    II    _i  o 

<_i^uj             oujur      UJ 

II    >->  Ul   U. 

OQ 

_J  -1  c3 

o 

II 

<  K    II    UJ  UJ 

IX      zi-ujuJZtozuji-a]>-< 

II  >  1- 

< 

Z)  UJ  -• 

to 

II 

II  >  r 

<UJOtO>SOZUJU.         u  > 

II  O  •-  3 

a 

to  >  to 

Q 

II 

II    UI  u 

xr"->'-itoi-iuj_iu.o(ruj 

II  a:  cr  ci 

< 

UJ  UJ  UJ 

UJ 

II 

II  Qtout-i-i/ii-toi-i/iuj<i-aQ: 

11  a  u  < 

u 

cr  -1  Q 

N 

II  — 
II 

II 

II 

cr 

II 

II 

II 

<r  o 

II 

II 

II 

o 

II 

II 

II 

O  UJ 

II 

II 

II 

t- 

II 

Z          11 

II 

jy  < 

II 

O  1-   11   < 

to 

II  < 

in 

u 

II 

—  Z    II    > 

II    UJ 

z 

II 

1-  UJ    II     1 

II    1 

3 

II 
II 
II 

O  Q   II  o  — 
<  i-i    11    to    1 

11  -)  — 

II   u  — 

II    C/1     1 

11    -5  — 

—   11  — ^^^— 

II  — 
II 

II 

11 

II 

II        o 

_i 

II  UI  Z 

II 

II  (/)  (/I 

N^ 

II     1-    -H 

H 

II  1>1  z 

< 

II   UJ  z 

II 

II    UJ  UJ 

u. 

11  o  z 

II 

II  q:  to 

11          3 

H 

z  II  a. 

^-* 

II   :£  CE 

II 

on       UJ 

< 

II   < 

II 

—  II  (N  a 

o 

II    UJ  UJ 

II 

1-    II    X  3 

CO 

11  _l  _l 

II 

Q.    11    O  to 

CM 

II       ►-■ 

II 

*-t    II         to 

^ 

II   -1  X 

II 

(X     II     CSI    UJ 

a. 

II  UJ  3 

II 

—  i_)  11   »»  q: 

-- 

II   3 

II 

tr  to  II        Q. 

t 

II  u.  Z 

II 

O  UJ    11    UJ 

> 

11         O 

II 

to  Q    II    S  to 

us- 

II 

II   to  > 

ual- 

II 

II     to    L/1 

IT 

II    <  U  (J 

^  11  .^_^ 

1 

II  — 

II 

II 

1-  to  1-    II 
<  to  (_)    11 

11 
11 

CM 
O 

II 

U  -•  <    11 

11 
^  II  — ^^^— 

II  — 
II 

II 

II 

CM 

II 
II 

II 

II 
II 
II 

II 
II 
II 

O 

II 

II 

II 

z 

II 
II 

at  II 

UJ  11  r>- 

II 
II  a> 

. 

1- 

II 

Z  IB    II   If) 

II    UI 

<£ 

II 

—    S     M     O 

II   o 

1 

o 

II 

(-1  3    II   o 

II  o 

0. 

II 

a  z  11  (0 

11    CO 

UJ 
nr 

II 

M 

II 

.^-...^— __ 

483 


O  <D 

m  CO 

11 



■ 

II 

.— 

■~"~ 

■~~ 

"^ 



II 

"""~ 

■ 

■ 

V. 

II 

II 

II 

V- 

II 

11 

II 

^ 

M 

II 

II 

-  ^ 

II 

It 

II 

O  (S 

II 

UJ 

II 

II 

z  o 

II 
II 

1- 

_l 
3 

II 
II 

II 
II 

UJ  UJ 

II 

I/) 

r  Q 

II 

II 

OK 

II 

>- 

1- 

•  O  UJ 

II 

II 

<  < 

II 

u 

ly. 

1  —t 

I 

II 

II 

a  a 

II 

< 

O  UJ  (_) 

II 

II 

II 

a. 

I- 

<  5 

1/1 

II 

II 

II 

s 

II 

II 

II 

II 

II 

II 
II 
II 

II 
II 
II 

II 

II 

II 

O 

II 

II 

II 

IZ 

11 

11 

II 

UJ  O 

II 

II 

II 

1- 

II 

(0 

II 

(0 

II 

< 

a 

II 

00 

II 

00 

11 

Q  O 

II 

^ 

LU 

II 

^v 

UJ 

II 

UO 

II 

CM 

< 

II 

M 

< 

1) 

UJ 

2 

II 

CM 

1 

II 

CM 

1 

II 

3  O 

II 

>^ 

U 

II 

•N* 

o 

II 

o  a 

II 

Ifl  t/> 

II 

in  00 

II 
II 

M 

LO 

II 
II 
II 

o 

-> 

II 
^  II 

o 

-> 

II 

II 

II 

o 

II 

Z      -          i 

II 

II 

z 

:i 

z 

K 

II 

oo 

<  1-  1-  O  00                  o 

II 

II 

< 

< 

l-< 

II 

00 

oo 

z 

O  (_>  UJ   Z  U.           1     1- 

II 

II 

_1 

UJ 

O  O 

00 

II 

UJ 

_l 

OU.33Q.OO        < 

II 

II 

a 

-I 

> 

z 

z 

UJ 

1- 

1-4 

II 

oo 

< 

t-H 

OQQOOi-i        ctoi/li-i 

II 

II 

K 

HH 

l-t 

a 

_l 

»-4 

z 

■I 

00  o 

t-4 

1- 

ZI-ZUJ"H|-'-iZ 

II 

II 

u 

_J 

1-^ 

tr 

at 

3  3 

(J 

II 

< 

K 

IT 

u 

ZI-UJw<OXU._l         J 

II 

II 

t^ 

UJ 

_l  3  UJ  _l  01  _l 

•-< 

II 

uJuJOt'iT      cr"0'-3-i-i 

II 

II 

u. 

3 

HH 

a  a 

•-* 

UJ 

UJ 

00 

II 

Q  UJ  1- 

a. 

>-i3(-UJUJI->-iOl/lUJl/» 

uO 

II 

II 

t^ 

u. 

m 

t-t 

< 

QC 

> 

UJ 

II 

z 

> 

< 

00 

t-   <          IQ<XUJUJ>UJ 

2 

II 

II 

o 

<  5 

00 

u. 

UJ  O 

> 

II 

< 

*-* 

Szuiu.i-"U      atrujQ    • 

1/1 

O 

II 

II 

UJ  O  0. 

UJ  z 

1- 

_l 

^— \ 

1! 

1- 

»-« 

UJXO         00i-i<00          _1         -^ 

»-< 

II 

II 

a. 

z 

<  (-  O  UJ  (T 

z  a 

II 

z 

< 

< 

oouJ       QiZU.             1-        ZQ 

3 

t- 

II 

Q 

II 

(/) 

»-• 

u  1/1  u  _i  o 

_J 

UJ 

cr 

II 

< 

_l 

00 

HOOH-oujc£_iuja 

u 

M 

UJ 

II 

O 

> 

m 

0. 

< 

K 

< 

II 

_l 

UJ 

0(/i(/)3zu.o_ii-ao<t-< 

(- 

< 

II 

z 

(T 

II 

< 

»-4 

z 

00 

z 

*~« 

UJ 

•-• 

oo 

o 

II 

a 

a 

z 

UJ 

O0Q.UJ                <          3a>-'00O 

11 

o 

1— 1 

II 

>  o 

O  00  q:  (J 

> 

03 

II 

•-• 

00<ZQQ3l-»-UJU>aj 

< 

2 

M 

»-« 

3 

II 

Q.  O 

»-l 

3 

k-4 

00 

UJ 

lO 

II 

UJ 

00 

z 

Otr      ujujzoo<tQ:ujoo 

UJ 

II 

1- 

O 

i| 

o  a 

1- 

a. 

t-  o 

a 

^-^ 

3 

II 

Q 

1- 

cr 

q: 

ursiuisi<uJ3Q:       a^s 

t- 

a 

II 

o 

UJ 

II 

-I 

a 

u 

< 

< 

a 

UO 

00 

UJ 

II 

»-H 

o  o  a 

0<"H         CEQUJ      -00         UJ 

o 

II 

< 

tr 

II 

UJ 

UJ 

q: 

UJ 

CO 

1— I 

II 

> 

< 

u. 

<-_j_iz          az      tn  — 

i/1 

It 

II 

> 

q: 

H 

UJ 

UJ 

_i 

Q 

UJ 

u 

> 

II 

O 

a. 

a. 

Q 

1  ai-iOQ:ujsouJu> 

□ 

II 

II 

UJ  O 

UJ 

Z 

a 

-1  o 

I 

cr 

UJ 

II 

a 

s 

UJ 

z 

z>uji-i->oiuji-iiq:uj 

UJ 
Nl 

II 

II   ' 
II 

II 
II 
II 

Q 

u. 

Q  1-  O 

< 

S 

1- 

a. 

a 

II 
"   II 

a 

»-» 

a 

< 

ooQ:3»-u.(->-i-i-Q.a 

« 

II 

IX 

II 

II 

II 

cr 

o 

(J3 

II 
II 

II 
II 

II 
II 

D 

UJ 

1- 

II 
II 

z 

II 
II 

II 
II 

t/i 

< 

u 

z 

3 

II 
II 
II 
II 
M 
II 
II  ■ 

o 

o 

< 

H 
Z 
UJ 

Q 

II 
II 
II 
II 
II 
II 
II 

< 
> 

1 

00 

1 

00 

II 
II 
II 
II 
II 
II 
~   II 

< 
> 
1 
t_) 

00 

-1 

1 

to 

II 

II 

II 

II 

II 

II 

a  u. 

II 

II 

1! 

< 

II 

II 

II 

K 

II 

II 

II 

o 

o 

II 

II 

II 

I 

(- 

II 

2 

II 

II 

2 

1- 

II 

o 

II 

II 

1- 

h- 1 

z 

II 

«-< 

II 

II 

U 

UJ 

II 

1- 

II 

II 

3 

UJ 

Z 

II 

a 

II 

II 

Q  O 

K 

II 

•^ 

II 

II 

«c 

ac 

II 

QC 

II 

II 

1- 

^ 

< 

M 

t— t 

U 

II 

II 

i/l 

< 

a 

II 

a. 

yi 

II 

II 

3 

UJ 

z 

II 

o 

UJ 

II 

II 

< 

_l 

o 

II 

i/i 

Q 

tl 

II 

r 

l_) 

II 

II 

II 

X 

l/l 

II 

II  - 
II 

1 

II 

-   II 

II 

UJ 

< 

t- 

<T 

1- 

<y> 

1- 

It 

1 

II 

< 

01 

u 

It 

M 

O 

II 

II  ■ 
II 

u 

-• 

< 

11 
II 

II 
—   II 

II 

II 

(M 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

II 

II 

II 

2 

II 
II 

a: 

UJ 

II 
II 

01 

II 
II 

O 

K 

II 

2 

III 

II 

in 

II 

<0 

a 

M 

<— * 

s 

II 

o 

M 

a 

II 

O 

3 

M 

a 

II 

o 

G. 

II 

Q. 

2 

II 

CO 

II 

(0 

UJ 
(X 









II 



_, 



II 

484 


—  (O 

CO  so 


O  (S 

z  o 

lU  Ui 
13  I- 

<  < 
a  o 


II 
II 
II 
II 
II 
11 
II 
II 
II  (/I 

II    K 


(/) 

Z 
i/l  O 

O  I- 

I-  < 
<  z 

UJ 

I-  a 
o 

i/i 
o 

UJ 

h4 

a 

oc  o 
o 

Q  UJ 

K 

1/1  < 

O 

z 


r' 


I 

O 


o 

z 


a: 
c 
a 

uJ 


II 
II 
II 
II 
II 

UJ  M 
II 
II 
II 
II 
II 


I-  D 
I  Q 
K  tj  UJ 
II    (J  1/)  •-•  I 

O  UI  U    II 

U  3  1/1    II 

II 

II 

II 


ir 

UJ  o 

(- 

<  IT 
Q  O 
(/) 
UJ  Z 
D  O 

o  a. 

to 


(S 
^  UJ 

in  < 

CM     I 

^  o 


(O 

ca 

^  UJ 
CM  < 
CM    I 

^  (J 
in  i/i 
o  -> 


to 

CO 

>^  UJ 

CM  < 

CM  I 

^  u 

in  i/i 

o  -J 


z  cr 

o  •-• 
►-  3 

H  O 
U  UJ 

<  cr 


o  I- 

z  u 

<  t/1  D 
(/I  Q 

Z  UI 

S  O  »- 

O  O  oi 

a  cr  D 

a  < 

cr  I 

<  Q  X 

UJ  Z  UJ 

I-  < 

H  (/)  a 

Z  -I  < 

UI   < 

S  •-•  UJ 

UJ  q:  X 

_l  UJ  K 

a.  I- 

S  <  u. 
-SO 


a 

z 

<  UJ  (T 

I-  <  O 

O  >-i  > 

UJ  a 

-)  a  o 

o  o  I-    • 

cr  ce      cr 

a  a  z  o 
a.  o  H 

cr  <  ►H  u 

3       I-  < 

o  UJ  u  a 

>  3  UJ  K 

1/1  a  z 

z  (/)•-■  o 

i-i  >-•  Q  o 


UJ  o: 
>  O 


<  3 

-I  a 

UJ  < 

cr 

z 

z  < 

< 

-I  u. 

a  o 

a.  (J 

o  z 

_i  « 

UI  (- 

>  1/1 

tU  UJ 

Q  K 


l/> 

Z  2 

O  > 

>-i  O 

H  O 

*^ 

o  z 

z  o 

o  a 

u  u. 

o  o 

UJ  z 

UJ  1-1 

a  »- 
lA  _i 
cr  3 

UJ  1/1 
>  UJ 

o  a. 


at 
I/)  o 

t-    l-H  I 

-J  ITS 

3  a  i-H 

UJ  o  X 

a  u  t- 

I-  S 
cr  cr 

O  UJ  o    ■ 

a  I-  z  z 

UJ  1-1  1-1  o 

cr  o  o  -1 

(T  UJ  I- 

•  O  UJ  < 

UI  u  K 

cr  UI  o  z 

3  X  cr  UJ 

_i  I-  a  2 


<  o  o  -I 


UI 

UJ  3  Z 

C3  t/l  O 

Z  1/1  ►-  • 

<  ii  I-  cr 

X  (JO 

U  C3  UJ  I- 

z  cr  u 

(/)  <  1-1  < 

1-1  Q  a 

X  I-  I- 

K-  U  Ul  Z 

UI  I-  O 

K  ->  <  O 

Z  O  •-" 

UI  cr  q:  cr 

S  a  CL  3 

UJ  o  o 

-I  cr  cr  > 

a  3  Q. 

S  o  Q.  o 

—  >  <  I- 


z 

O  K 

"-  z 

I-  UI 

U  Q 

<  1-1 


< 
> 

I 
u  — 

01     I 
-)  (N 


< 
UJ 
I 

o  — 
00   I 


> 
I 

o  — 
00   I 

-)   CM 


tr 
►-  o 
cr  </i  II 
O  UJ   II 
to  Q    II 


II 


o 
cr 

t-  I- 
z  « 

O  3 
U  (_) 
QC 
Q  — 
UJ  u 
UJ 

Q.  > 
00  I- 
(T  UJ 
UJ   u. 

>  < 

O  00 


1-  1/)  1- 

"    — ^^— — ^ 

<  to  o 

u  —  < 

—  — ^^— ^^ 

]l    ^_^^_^^^ 

Z  10 

-  s 
a  z 


485 


O  CD 

z  o 

lU  UJ 

a  I- 
<  < 
a.  o 


UJ 

_l 
r  Q 

K  O  UJ 
to  •-•  I 
O  UJ  O 
<_)  J  l^ 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II  - 
II 
II 
M 
II 
II 
II 
II 
II 
II 
II 
(/)  II 
Z   II 

LO   O     II 

>-•   II 
O    II 

t-  <   n 

II 

<  Z   " 

UJ    M 

I-  a  II 

O    M 

(/I        II 
a  M 

UJ  II 

N  II 

■-<  >-i  II 

CC  II 

q:  O  n 

O   II 

O  UJ   u 

I-  M 

to   <  M 

U  II 

Z  II 


I 
o 


o 

z 


O 
a 

UJ 

a: 


O 

a 

UJ  o 

I- 

<  a 

Q  o 

to 

UJ  Z 

3  o 

o  a 

I/) 


UJ 

< 
I 
o 


II    CM 

II    CM 

II 

II    U1  10 

MOT 

II 

II 

1/)  I- 
i-i  Z 
I  X  UJ 
S  I-  a 
O  a 
u  u.  D 
o  o  o 
< 

Z  UJ 
O  O  I 
t-  -•  H 


O 

UJ 

Z  (X 

O  " 

I-  3 
I-  o 

U  UJ 

<  cr 


z 

O  I- 

►1  z 

I-  UJ 

U  Q 


3  UJ  m  3 

Q  I  O  UJ 

UJ  I-  cr  •-> 

X  a.  > 

U  O  UJ 

ui  K  "-•  (r 


II 

II 

II 
II 
II 
II 

II  (O 

II    CD 
II    -^  UJ 
II    CM   < 
II    CM     I 
U 

II  in  l/> 
II  o  -> 

It 

II 
II 

II      •  I-  D 

II  t/l  O    I    (->  UJ 
3  Z  Ui  <  I- 


II 


1 


II 

II  I-  •-•  u 

II 

II 

II 

II 


<  O  <  UJ  UJ 

I-  <r  -I  >  H 

i/>  <  a  -I  I 

C3  UJ  <  o 


II  K  UJ  q:  >  z 


Z3  Z 
_l  >-■ 
O  X 
to  (- 
UJ  >-) 

cr  3 


S  lO 
UJ  K 


z 
o 


u.  (T  0. 


_l  X  UJ 
UJ  1/1  3 
>  ■-.  i/l 
UJ  _i  to 
Q  CL  •-■ 


>  3  ></) 

UJ  to  UJ  UJ 

a:  UJ  -I  O 

5  -J  S     • 

<  |_  <  UJ  '- 

(X  a  •-•  I-  Q 

O  O  u  (/)  cr 

o  a.  UJ  >  < 

o:  UJ  a  to  o 
a  cr  to  — -  m 


II  z  a: 

II  UJ 

II  cr  -  o  o 

II  a  to      HI 


3  I-  z  o  f- 

o  u  o  5  ■-• 

<  •-      » 

UJ  Q.  t-  O 
Q  2  (_)  <  I/) 

M  i-i  3      o: 

>  £3  I-  O 
O  Q  O  Z  I- 
CC  Z  CC  UJ  < 

a.  <  a.  s  'D 


< 
> 

I 
u  — 


cr 
«  u 
ct  to 
O  UJ 
to  Q 


II  to 

II  -> 

II  — 
II 

II  UJ 

II  z 

II  •-• 

It  -1 
It 

II  O 

II  UJ 

II  UJ 

II  u. 

II  l/l 

It  to 
O 


II 
It 
II 
It 
It 
II 
It 
II 
It 
It 

II 

It 
II 
II 
II 
II 
It 

It  < 
II  > 
It  I 
II  o  •- 

II    (A    I 
II    ->  — 

•   II 

It 

II    >   U. 
It 

II  (T  X 
II  O  O 
II  K  I- 
II  O  '-' 
S  3 
t/i 


O  I 
I  Z  IT 
S  «  UJ 

0  Q  I- 
U  <  UJ 

UJ  cr  o 
a  o 

a  o 
K-  3  z 
«      < 
Z  at 
m  o  to 

I/)       o 
to  I- 

•  z  < 

01  O  3 
UJ  •-•  I- 
X  K  O 
O  <  < 
I-  Q 

HI  Z  UJ 
3  UJ  X 
1/5  1- 


UJ 

•  X 
UJ  Q  1- 
-I  UJ 
(J  IT  O 
i-i  H-«  H- 
I  3 
UJ  o  to 

>  UJ  t- 
CC  _l 

>  3 
z  to  to 

<     l-H    UJ 

cr 
u.  :i: 
>-•  q:  K 
O  cr 
UJ  3  O 
z   I  a 

•I   UJ   UJ 

S  cr  cr 


n  3 

(_)  uj 

tr  >- 
Q.  > 

UJ 

•-■  cr 

z 
_i  o 
UJ  ►-> 
>  to 

UJ  UJ 

-I  o 


<  UJ  '- 

«  1-  Q 

t_i  to  q: 

UJ  >  < 

Q.  l/l  O 

1/1  -^  m 


I-  ui  I- 
<  to  u 

u  --  < 


cr 

3 


It 

II 

It 

II 

11 

cr 

II 

UJ 

It 

in 

7-  (D 

It 

U3 

-  S 

II 

O 

tJ  3 

It 

O 

a  z 

II 

<c 

It 
It 

II  u  o 

It  4  cr 

It  <-> 

II  l/l  >-•  1/1 

It    LJ   £   UJ 

II  cr 

It     ^    UJ 

II    to   >    _) 

It   2  _l  - 

II   O  <  < 
■  II 

II 

II 

II 
-  It 

II 

II 

II 

II 

II 

II 

It   lO 


J3 

3 
O 
U3 


486 


m  (D 

_ 



— 

__ 

.^ 

._ 

^_ 

-_ 

-^  — - 

— —— 



— 







„^_ 

__ 

^_,_ 

^_ 

m  00 

II 

II 

M 

II 

-^ 

II 

II 

II 

(1 

^- 

II 

II 

II 

II 

*- 

II 

II 

II 

II 

•  ^K 

II 

II 

II 

II 

O  00 

UJ 

II 

II 

II 

II 

z  o 

t- 

_J 

II 
II 

II 
II 

II 
II 

II 
II 

UJ   UJ 

1    l/l 

X  Q 

II 

II 

II 

II 

J  1- 

1    K 

t-  t3  UJ 

II 

II 

II 

II 

<  < 

1    U 

1/)  ►- 

X 

II 

II 

II 

II 

a.  a 

1    < 

O  UJ  O 

II 

11 

II 

II 

1  a  o  5 

1/1 

II 

II 

II 

II 

I  S 

II 

II 

II 

II 

1     •-^ 

II 
II 

II 
II 

II 

II 

—   II  "— 

II 
II 

II 

II 

II 

■-  II 

II 

o 

II 

II 

II 

II 

IZ 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

t- 

II 

(fl 

II  to 

II  (0 

II 

< 

<r 

II 

a> 

II   00 

II   tB 

II 

Q  O 

II 

>.  UJ 

II    -V 

UJ 

II    ^ 

UJ 

II 

lA 

II 

N 

< 

II    (N  < 

II    CM 

< 

II 

UJ 

z 

II 

tN 

1 

II    (N 

1 

II    (N 

1 

II 

30 

II 

"V 

CJ 

II    ^ 

u 

II    ^ 

u 

N 

Q  a 

II 

m  1/) 

II  m  to 

II  in 

to 

H 

l/l 

II 

11 

O  -1 

HOT 

II  o 
■*  II  *— 

—) 

II 

^  II 

II 

II 

II 

II 

II 

u. 

• 

II 

a. 

II 

ac 

II 

II 

HH 

o 

II 

o 

1 

1 

UJ 

II  ti 

u. 

o 

II 

II 

1 

UJ 

II 

< 

zoo 

_i 

II   1/1  O  K 

II 

II 

o  UJ  q:  UJ  ffi  2 

II 

1-  a. 

UJ 

z 

z 

<  z 

< 

II   uJ 

n 

UJ  CO 

II 

II 

UJ 

a 

z 

1^ 

I  (J  UJ 

II 

z  UJ 

< 

n 

1- 

t-t 

UJ 

y^ 

II  to  z 

z 

I  u 

II 

II 

-I  o 

N^ 

Z)  H 

<r 

^4 

II 

ujaozszKuf-o 

II  to  o  o  H  a 

II 

II 

u 

i-» 

za 

a. 

> 

II  •-■ 

ZOt-(ruj<(ruj 

to 

a 

II  < 

n 

z 

a 

II 

II 

^4 

Z  K  UJ  O 

UJ 

II  Z 

to 

o  > 

_j  o  a 

> 

< 

II 

to 

o 

II 

II 

X 

UJ 

K 

H 

N-l 

(T 

II  O  to  o  to  u.  3 

-1 

0. 

to 

to  o 

II  a 

UJ 

UJ 

1- 

d 

II 

lO 

II 

UJ 

U. 

1- 

H-* 

II  ^ 

UJ 

Z 

UJ 

ac 

UJ 

UJ 

UJ 

s^ 

o 

II  z 

o 

u 

n 

II 

Z   1 

II 

>  O  UJ  VI  00 

Z 

II  -1 

to 

^H 

f-t 

UJ 

z 

a 

a 

UJ 

II  < 

UJ 

z  to 

II 

(/)  O   1 

II 

Q 

•-« 

1-  _1  o 

II  •-• 

to  Q 

1-  a. 

<  o 

X  (D  3 

II 

a 

< 

1- 

-1 

II 

1-1    1 

II 

(T  1/1 

-I 

UJ 

t-l 

II  u 

< 

z 

►-• 

Z  ac 

• 

1- 

o 

UJ 

II   z 

z 

_I 

UJ 

II 

D  K    1 

o 

II 

UJ  Z  O  K 

3  > 

to 

II 

< 

ce 

> 

Q. 

Ul 

ct 

n 

II  < 

ac 

a 

Z) 

> 

II 

U    1 

UJ 

II 

X  OH 

Z  to  UJ 

UJ 

II   z 

UJ 

_l  o 

_j 

_i 

1 

o  o  a 

> 

II  _i 

O  O  to  UJ 

II 

t- 

<  1 

z 

a. 

II 

H 

•-• 

UJ  UJ  -1  O 

II  ■-■ 

X 

1 

l-H 

UJ 

< 

l-H 

ac 

K 

UJ 

II  a 

u. 

u. 

UJ 

-i 

II 

1 

o 

HH 

II 

o  t-  1/1  S  a 

II 

1- 

1- 

a 

z  1-  m 

3 

M 

cr 

II 

a 

ac 

II 

< 

Z   1 

^^ 

3 

II 

< 

UJ  UJ 

-1  Z    • 

II    UJ 

to  a 

*-4 

»-* 

a 

to 

1— 1 

II  a 

to 

UJ 

_l 

II 

tij  1 

K  o 

II 

l/10X<JI-<UJ'-> 

II  o 

s  o 

K 

(0  UJ 

1- 

z 

II  o  t- 

a 

K 

<   — 

II 

t- 

a.  1 

U  UJ 

II 

l/l 

f^ 

o 

< 

ac 

•— 1 

1-  Q 

II  D  UJ  a  to 

a 

z 

UJ 

_l 

-1  o 

II  -J 

u 

ac 

-.  (D 

II 

O   1 

<  ac 

II 

UJ 

-1 

K 

-1  o  u  to  a 

II  -1 

1-4 

Z  UJ  o 

H-t 

> 

3 

UJ 

M 

II    UJ 

< 

-1 

O  u  ac 

11 

1/1 

1 

II 

to 

a 

N-« 

a 

a.  UJ 

>  < 

II   u 

>  U  O  (T 

O 

_i 

to 

> 

to 

II  > 

a 

-1 

a  UJ  a 

II 

O   1 

II 

to 

a 

S  UJ  UJ  a  to  o 

II   z 

UJ 

to 

11 

3 

U. 

z 

< 

UJ 

UJ 

UJ 

II    Ul 

z 

UJ 

UJ 

a  to 

II 

UJ    1 
fsj    1 

II 

II 

< 

<  to  (T  ir  to 

win 

II      l-H 
~    II    ^^ 

(T 

2i: 

1- 

to  O  UJ 

> 

a: 

-1  Q 

II  o 

u 

ac 

to  w 

II 

- 

a:  1 

II 
II 

II 
II 

II 
II 

It 
II 

a 

O   1 
O   1 

II 
II 

II 
II 

II 
II 

II 
II 

O  UJ    1 

II 

II  s 

II 

II 

I-  1 

z 

II 

II  ^ 

II 

II 

1/1 

<  1 

O  K 

II 

< 

to 

II  < 

to 

II  < 

<A 

II 

O    1 

•-• 

Z 

II 

> 

II  o 

II  > 

II 

Z    1 

t- 

UJ 

II 

1 

II    1 

II    1 

II 

3    ( 

U  Q 

II 

u 

*- 

II  (J 

^ 

II   u 

^ 

II 

1 
1 

1 

< 

^^ 

II 
II 

II 

to 

-> 

1 

II  l/l 

II    -5 
■*    II    — — 

1 

II  to 

II    -5 

_   II  ■^— 

1 

II 

II 

1 

II 

II 

II 

It 

1 

II 

II 

II 

UJ 

II 

1 

11 

II  1- 

II    K 

Z) 

II 

1 

II 

II   z 

II    Z 

u. 

II 

1 

II 

II  < 

II    < 

II 

1 

II 

II  _l 

H    1- 

Z 

II 

1 

z 

II 

II  -J 

UJ 

II    U 

II 

1 

o 

II 

II     UJ   (J 

II    < 

I 

II 

1 

1^ 

II 

II  a. 

< 

II    UJ 

1- 

II 

1 

H 

II 

II  o 

:£ 

II    (T 

n 

II 

1 

a 

II 

II  a 

< 

II 

3 

II 

1 

1-4 

II 

II  a 

UJ 

II    -1 

II 

f 

K 

II 

H      1 

-I 

II    < 

UJ 

to 

II 

1 

t^ 

U 

II 

II  -H 

II    Z 

J 

-I 

II 

1 

a 

l/l 

II 

II    O  UJ 

II  cr 

< 

_i 

II 

1 

a 

UJ 

II 

II 

> 

11    UJ 

ac 

UJ 

H 

1 

1 
1 
1 

1/1 

O 

II 
II 
II 

II 

II    UJ 

II  z 
II  o 

_    II    -^— 

< 
> 

II  1- 
II   z 
II  •- 

< 

UJ 

_l 

u 

-J 

II 
II 
II 

-  II 
II 

^ 

1 

1-  to 

1- 

It 

II 

II 

t 

1 

<  (/) 

o 

II 

II 

II 

II 

CM 

o 

1 
1 

u  — 

< 

II 

II 

II 

~    II    —^ 

II 

II 

-  II 

II 

1 

II 

II 

II 

CM 

1 
1 

1 

II 
II 
II 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

1 

II 

II 

II 

II 

z 

1 
1 

cr 

UJ 

II 
II 

to 

II 
II   o 

II 

II    CM 

II 

II 

t- 

1 

z 

CD 

II 

lO 

II   iO 

II  r- 

II 

z 

1 

«-t 

s 

II 

o 

11  o 

II  O 

11 

o 

i 

u 

z> 

II 

o 

"  o 

II  O 

II 

a 

I 

a 

z 

II 

10 

II    10 

II  to 

II 

UJ 

2: 

1 





_ 

M 

11 

II 

II 

487 


<T  ID 

n  CD 

II 

— 

'^~"^~ 

~— "' 

II 

'—^^- 

" 

II 

M 

\ 

II 

II 

II 

II 

^_ 

It 

II 

II 

II 

_ 

II 

II 

II 

II 

•  ^ 

M 

II 

II 

II 

O  03 

n 

UJ 

II 

II 

II 

Z  O 

II 
II 

K 

_i 
3 

II 
II 

II 
II 

II 
II 

uj  lU 

II 

lo 

X  Q 

II 

II 

II 

O  K 

II 

1- 

1-  O 

UJ 

II 

II 

II 

<   < 

M 

o 

00  ►-■ 

I 

II 

II 

II 

a  Q 

II 

<  O  ID  O 

II 

II 

II 

II 

a  o  3 

00 

II 

II 

11 

M 

s 

II 

II 

II 

N 

*— • 

II 

II 

11 

II 

II  ' 
II 

II 
II 
II 

II 

—  II 

II 
—    II 

II 

II 

II 

o 

II 

II 

II 

II 

cr 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

H 

II 

(0 

<o 

II 

ID 

II 

II 

< 

a 

II 

03 

m 

II 

CD 

■   II 

II 

Q  O 

II 

^  UJ 

^ 

UJ 

II 

-V 

< 

II 

II 

00 

II 

(N  < 

CM 

< 

II 

CO 

UJ 

II 

II 

UJ 

z 

II 

CM     1 

CN 

1 

II 

*~ 

1 

II 

II 
II 

3  O 

Q  a 

II 
II 

in  00 

in 

o 
(/) 

II 
II 

to  (/) 

II 
II 

II 

II  ' 
II 

00 

II 
II 

11 

o  -> 

o  -3 

II 
—  II 

o 

-) 

II 
—    II 

II 

II 

II 

II 

o 

II 

II 

II 

II 

^ 

1- 

1- 

1 

z 

II 

z 

II 

II 

II 

z 

q: 

-J 

»^ 

o 

_i 

II 

l-H 

II 

II 

II 

u.  < 

UJ  Z  O  <  S 

• 

o 

l-H 

h- 

< 

Z 

II 

II 

II 

II 

O  H 

3  o  a 

»-( 

UJ 

<-*» 

Q 

1- 

a 

1— t 

UJ 

^--i 

II 

CM 

II 

II 

II 

00 

l-H 

Ul 

<J  1- 

Q 

4 

<  O  O  ►-  Q 

II 

•— 

II 

II 

II 

Z  1-  (/I  00  1- 

i£  UJ  (/)  cr 

K 

a 

UJ 

00 

a 

II 

o 

II 

II 

II 

S  I  1- 

1-4 

o 

a. 

> 

< 

U. 

z 

UJ 

a. 

> 

< 

II 

<_) 

II 

II 

II 

OO 

i-« 

UJ 

. 

00  1/1  o 

O  UJ  tr  00  00  o 

II 

UJ 

II 

LO 

II 

II 

Q  " 

cr 

K 

v.^ 

m 

Z 

>— ' 

CO 

II 

-3 

3 

II 

z 

II 

II 

cr  -I 

u. 

00 

t-* 

O  UJ 

00 

3 

• 

UJ 

II 

« 

UJ 

II 

00  o 

II 

II 

<  U. 

o  a  Q  K  I  m  s 

K  cr  00  I  CD  3 

II 

l-H 

II 

^^ 

II 

II 

UJ 

< 

O  (-  U  UJ 

<J  H 

:<  1- 

(J 

UJ 

II 

►1 

> 

II 

3 

K 

II 

a 

II 

1-  (N 

o  cr  uj 

< 

cr 

l-H 

< 

00 

z 

cr 

l-H 

II 

cr 

UJ 

II 

U 

II 

UJ 

II 

o 

z 

1- 

1- 

cr  o  Q. 

> 

a. 

z 

< 

o  a 

> 

II 

Q 

cr 

II 

h- 

< 

II 

Z 

(T 

II 

t- 

l-H 

(/) 

< 

t- 

H 

UJ 

z 

•-( 

1- 

1- 

UJ 

II 

OO 

II 

II 

o 

II 

z  a 

1- 

i-t 

z 

t-i 

q: 

H-4 

l-H 

cr 

II 

< 

II 

< 

z 

II 

(-• 

3 

II 

UJ  Ul 

00 

t- 

ir 

O  00 

1^ 

u. 

Q  00 

b-l 

II 

UJ 

UJ 

II 

UJ 

II 

K 

o 

II 

2  K 

UJ 

cr 

a. 

<_) 

1- 

z 

00 

o 

00 

t- 

z 

II 

a  s 

II 

t- 

a 

II 

CJ 

UJ 

II 

UJ  (-> 

1- 

o  o 

-1 

-I  13 

OO 

a: 

_i 

-1  o 

II 

3 

u. 

II 

o 

II 

< 

ac 

II 

_l  UJ 

Ci. 

(X 

a 

3 

UJ 

»-4 

UJ 

z 

a 

:3 

UJ 

^4 

II 

_l 

^ 

II 

00 

II 

II 

a  -I 

Q 

a. 

a. 

r) 

LO 

> 

00 

00  O 

00 

> 

00 

II 

U 

-I 

II 

o 

II 

II 

S  UJ 

z 

■D 

a. 

O  UJ  UJ  UJ 

00 

ft 

O  UJ  UJ 

UJ 

II 

z 

l-H 

II 

II 

II  ' 
II 

II 
II 
II 

1-.  00 

< 

(/I 

< 

> 

cr 

_i 

Q 

< 

h- 

1- 

cr 

_) 

Q 

II 
—  II 

'-' 

u 

II 
—    II 

_ 

II 

II 

tr 

II 

II 

II 

II 

ce 

o 

II 

II 

II 
II 

II 
II 

II 
II 

Q 

UJ 

H 

II 
II 

z 

II 
II 

II 
II 

5 

II 
II 

00 

< 

II 

O  1- 

II 

< 

OO 

< 

00 

II 

< 

t/1 

II 

(J 

II 

z 

II 

> 

> 

II 

O 

II 

Z 

II 

t- 

UJ 

II 

1 

1 

II 

1 

II 

3 

II 
II 
II 
II 
II 

< 

Q 

II 
II 
II 
II 
II 

u  •- 

00     1 

->  — 

o 

00 

1 
CM 

II 
II 

II 

00 

1 

II 

II 

II 

—    II 

II 

II 

II 

II 

o 

II 

< 

II 

II 

II 

UJ  a 

II 

UJ 

> 

II 

It 

II 

cr  a 

II 

_l 

o 

II 

II 

II 

3  D 

II 

z 

H 

II 

II 

_j  lo 

II 

-1 

UJ 

II 

II 

Z 

II 

»-) 

II 

< 

o 

II 

II 

o 

II 

<  :£ 

II 

Z 

a 

II 

II 

II 

u.  Z 

II 

cr 

UJ 

II 

II 

1- 

II 

< 

II 

UJ 

s 

II 

II 

a 

II 

_1  1- 

1/3 

II 

1- 

UJ 

S 

11 

II 

l-H 

II 

< 

a 

II 

X 

dJ 

II 

II 

cr 

II 

-  Q 

< 

11 

UJ 

u. 

1- 

II 

II 

i-i 

u 

II 

1-   1/3 

a. 

II 

O 

1/3 

II 

II 

(X 

00 

II 

z  cr 

1- 

II 

1 

> 

II 

II 

O  UJ 

II 

UJ  a 

00 

II 

UJ 

00 

II 

II 

l/l 

Q 

II 

1- 

II 

00 

C3 

II 

II 

II 

O  u. 

1- 

II 

a 

< 

(SI 

II 

II 

II 
II 
II 

a  o 

CE 

II 
—  II 

< 

:± 

O 

II 
—    II 

1 

II 

1-   00 

1- 

II 

II 

1 

II 

<  CO 

u 

II 

II 

II 

o 

II 
II 
II 

U  1-1 

< 

II 
II 
II 

II 
—  II 

II 
—   II 

II 

II 

CM 

II 
II 
II 

II 
II 

II 

II 
II 
II 

II 

II 
II 

o 

II 

II 

II 

a 

II 

z 

II 
II 

cr 

UJ 

II 
II 

n 

II 

II 

in 

II 
II 

t— 

II 

z 

CD 

II 

f' 

II 

1^ 

II 

ac 

,1 

2 

II 

o 

II 

o 

11 

C 

II 

u 

3 

II 

o 

II 

o 

II 

a. 

II 

a 

Z 

II 

U3 

II 

(0 

II 

-J 

u 

;i 

II 



_ 



II 

488 


If)  IS) 
(D  00 

II 

—■ 

"^ 

■~~" 

II 

"^ 

^^"~ 

^^~ 

■*■" 

■^~ 

"~"~ 

"~^~ 

" 

II 

'~~' 

— 

— 

— 

— 

— 

— 



11 

^ 

II 

II 

II 

II 

^ 

II 

II 

II 

II 

— 

II 

II 

II 

II 

•  ^ 

II 

II 

H 

II 

O  00 

II 

UJ 

II 

II 

II 

z  o 

II 
11 

K 

-I 

3 

II 
II 

II 
II 

II 
II 

UJ  UJ 

II 

01 

r  Q 

II 

II 

II 

a  t- 

II 

h-  H  O  UJ 

II 

II 

II 

<  < 

II 

U 

01    M 

I 

II 

II 

II 

a  Q 

II 
II 

<  O  UJ  (J 

a  u  2  01 

II 
II 

II 
II 

II 
II 

II 

s 

II 

II 

II 

II 

HH 

II 

II 

II 

II 

II 

II 
II 
II 

II 

^  II  — ^-^^^ 

II 

II 

II 

II 

II 

o 

II 

II 

II 

II 

(T 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

1- 

II 

lO 

(O 

II   (O 

II 

II 

< 

q: 

II 

o 

CO 

II  00 

II 

II 

Q  O 

II 

^ 

< 

•^ 

< 

II  ^  < 

II 

II 

01 

II 

0)  UJ 

0) 

UJ 

II    to  UJ 

.11 

II 

UJ 

z 

II 

CM 

1 

CN 

1 

II  —   1 

II 

II 

3  O 

II 

>» 

o 

^  U 

II  ^  tj 

II 

II 

o  a 

II 

in  01 

in 

01 

II  to  00 

II 

II 
II 
II 

I/) 

II 
II 
II 

o 

~) 

o 

-) 

HO-) 
^    II   ^^^^ 

II 

~~  II 

^    II   ^^^^ 

II 

II 

II 

II 

UJ 

1 

II 

UJ 

II 

II 

II 

-I 

1 

u. 

z 

II        1 

tr 

II 

II 

II 

CO 

X  o  UJ 

-1 

II        z 

< 

UJ 

(/) 

II 

II 

II 

*M 

UJ 

O  H 

<  z 

• 

II          UJ 

a. 

o 

UJ 

UJ  CD  2 

II 

II 

II 

01 

Z  (T  IT 

HH 

UJ 

/-N 

II         S  00  O  CE 

. 

I 

o 

UJ 

II 

II 

II 

l/lirOUJOUKQ 

II   -1  S 

-I 

o  01 1-  a 

»-» 

II 

II 

II 

oo 

i-« 

z  a  UJ  01  a 

II   <  O  X  tJ  Q  1- 

a. 

> 

II 

II 

II 

0. 

u. 

1- 

UJ 

UJ  0. 

> 

< 

II   Z  tJ  1- 

Z  UJ  U  o 

UJ 

II 

II 

II 

< 

(T  (/)  I/)  O 

II   O  UJ 

t-t 

1^ 

u 

< 

^- 

1-^ 

a 

II 

U1 

II 

II 

_i  01  a  (/) 

^^ 

m 

II  >-■  a 

s 

o  a 

1-4 

II 

z 

II 

II 

_i 

z 

3  </» 

• 

UJ 

II  h- 

a  2  01 

z 

II 

01 

o 

II 

II 

<oQuj>xa3a 

II   <  u. 

> 

a. 

(-1 

h- 

-1  o 

II 

l—t 

II 

II 

l-« 

cr 

_l  H  U  UJ 

II  a  o 

_j 

X 

_i 

UJ 

*-« 

II 

D 

►- 

II 

o 

II 

UJ  K  UJ  o  a. 

a 

»-« 

II    UJ 

u. 

UJ 

UJ 

UJ 

o 

>  (/I 

II 

CJ 

II 

UJ 

II 

1- 

<  r  UJ  a  o  a 

> 

II  a  1- 

_l 

(- 

o 

01 

UJ 

UJ 

II 

K 

< 

II 

z 

(T 

II 

< 

H 

1— 

3  t- 

UJ 

II  o  z  o 

< 

< 

UJ 

_l 

Q 

II 

II 

o 

»-H 

II 

o  z 

2  01 

i-i 

a 

II           UJ 

1- 

a 

2  CC 

II 

<t 

z 

II 

t— 1 

Z3 

II 

1-^ 

UJ  O  UJ 

01 

i-t 

II    UJ  S 

z 

tr 

o 

_l 

2 

II 

UJ 

II 

1-  o 

II 

^- 

S 

Z 

a. 

CE 

K 

z 

II    Q  (•) 

z 

< 

a 

1- 

1- 

< 

UJ 

^-^ 

II 

K 

a 

II 

o 

UJ 

II 

ol 

UJ 

»-t 

u 

¥-^ 

-1 

-1  o 

II  i->  01  o 

O  01  q: 

K<4 

K 

Q 

11 

o 

II 

< 

(£ 

II 

UJ 

_i 

Q 

< 

3  UJ 

•-« 

II    >  UJ 

•-H 

a. 

(T 

o 

u 

01 

a 

11 

01 

II 

II 

> 

a. 

Z 

UJ 

01 

>  01 

II  O  01  1- 

< 

a 

Q 

a 

UJ 

> 

< 

II 

Q 

II 

II 

z  s 

UJ 

X 

> 

UJ 

Ul 

UJ 

II    (T  00 

< 

UJ 

a. 

Z 

UJ 

a. 

01 

o 

II 

(U 
N 

II 

II   ■ 

II 
II 
II 

•-' 

— 

1- 

1- 

u 

ac 

-1 

Q 

II  a  < 

Q  a. 

< 

< 

cr 

lyi 

^-^ 

OD 

II 

w 

II 

II 

^  II 

II 

a. 

II 

II 

II 

II 

cc 

o 
o 

II 
II 

II 

II 

o 

o 

II 
II 

II 
II 

Q 

UJ 

II 
II 

z 

II 
II 

ffi 

II 
II 

II 
II 

l/l 

< 

II 

OK 

II 

< 

01 

< 

01 

II  < 

01 

II 

u 

II 

r-H 

z 

II 

UJ 

o 

II  o 

II 

z 

II 

H- 

UJ 

II 

1 

1 

II    1 

II 

o 

II 

O  Q 

II 

u 

^- 

U  PM 

II  u  — 

II 

II 

<. 

t-l 

II 

01 

1 

01 

1 

II    00    1 

II 

II 

II    ' 

II 
II 
II 

-> 

— 

~> 

— 

II  -)  — 

11 

-  II 

II 

II 

II 

II 

II 

3 

II         Z3 

II 

II 

II 

U. 

< 

II   U.  < 

II 

II 

II 

o 

-J 

t- 

II   O  _l  1- 

II 

II 

II 

UJ 

II 

tu 

II 

II 

II 

01 

O  2 

II  01  O  2 

II 

II 

z 

II 

01 

1- 

_J 

II    01  1- 

-1 

II 

II 

o 

M 

O 

UJ 

II  O 

UJ 

II 

II 

l-« 

II 

_l 

(M 

I 

II    _l  CM 

I 

II 

II 

1- 

II 

O 

II       o 

II 

II 

a 

II 

_J 

> 

II  _l 

> 

II 

II 

>-* 

II 

< 

o: 

a 

II  <  q: 

a 

II 

II 

cc 

II 

t— t 

UJ 

t- 

II    -^   UJ 

1- 

II 

II 

•-4 

u 

II 

1- 

S 

z 

II  1-  2 

z 

II 

II 

(T 

01 

II 

z 

UJ 

UJ 

II    Z   UJ 

UJ 

II 

il 

a  ui 

II 

UJ 

1 

II    UJ 

1 

II 

II 

00  Q 

II 

1- 

in 

X 

II  1—  l/l 

I 

II 

II 

II 

O  a:  o 

II  O  q:  u 

II 

II 

II    - 

II 
II 

a. 

< 

z 

II  a  < 
—  II  — ^— ■ 

Z 

II 

1 

II 
II 

t- 
< 

1/1 

CO 

II 
II 

II 
II 

II 
II 

CM 
O 

II 

II    - 

u 

'^ 

< 

II 
II 

II 
^  II  i^^^^' 

II 
_  II 

II 

II 

II 

It 

CM 

II 
II 
II 

H 
II 
II 

II 

II 
II  — 

It 
II 
II 

o 

II 

II 

II  ac 

II 

z 

II 
II 

a: 

UJ 

II 
II 

to 

II 

II  to 

11 
II 

t— 

11 

z 

ffi 

II 

r«. 

II  p^ 

II 

q: 

II 

-< 

s 

II 

O 

11    O 

It 

o 

II 

u 

3 

II 

O 

II  o 

II 

0. 

II 

a. 

Z 

II 

(0 

II  to 

II 

UJ 

a: 



_^ 





'1 

__, 

_ 







II 

II 

489 


(X)  ID 

II 

■"^~~ 

— 

II 

■"■"" 

■^ 

"^~ 

"'"" 

.— - 

II 



\ 

II 

II 

II 

.— 

II 

II 

II 

_ 

II 

II 

II 

*  \ 

II 

II 

II 

O  O) 

II 

UJ 

II 

II 

z  o 

II 
II 

h- 

_i 
•  3 

II 
II 

II 
II 

OJ   UJ 

II 

irt 

I 

:  Q 

II 

II 

O  H 

II 

1-  1-  O  UJ 

II 

II 

<  < 

II 

<_) 

(/)  >- 

■  X 

II 

II 

a  Q 

II 

< 

O  UJ  (_) 

II 

II 

II 

Q.  U  S  t/) 

II 

II 

II 

S 

II 

II 

II 

t— • 

II 

II 

II 
II 
II 

II 

■    II    ^~ 

II 

II 

II 

II 

a 

II 

II 

II 

a 

II 

II 

II 

UJ  O 

II 

II 

II 

t- 

II    lO 

II  (O 

II 

< 

a 

II   (O 

II   OO 

II 

Q  O 

II  -v 

< 

II    -V  UJ 

II 

00 

II  a  UJ 

II   (0  4 

II 

UJ 

z 

II    CO 

1 

II    —    1 

II 

3  O 

II  ^  u 

II     -V    (_) 

II 

Q 

a 

II    O  1/1 

II  ;0  CO 

II 
II 
II 

OO 

II  — 
II  — 

-5 

MOO 
II  ^^^^ 

II 

II 

II 

II 

IT 

II 

_J 

II 

II 

UJ 

II 

< 

II 

II 

z 

UJ 

I 

II 

►-4 

II 

II 

O  CJ  H 

CO 

UJ  m  3 

II 

O  H  UJ  ID  3 

II 

II 

tu 

»-H 

z  o 

1 

_l  (/I  X 

u 

UJ 

II 

K  Z  X  O  UJ 

II 

II 

3  (- 

< 

z 

< 

UJ  1- 

q: 

»-< 

II 

UI  1-  cr  i-i 

II 

II  cr  OO  < 

o  u. 

»-• 

s  u 

a. 

> 

II 

UJ  s  1-      a  > 

II 

II    O  OO  1- 

cr  o 

ir  o  o 

UI 

II    -J  UJ 

cr  UJ  o  o      UI 

11 

II   u. 

i-» 

z 

o 

UJ  o  a  1- 

Ht 

cr 

II    <   :£ 

1-1  H  a  1-  -I  a 

CO 

II 

II 

UJ  (J  00  O 

z  a 

•-« 

II    U  O  U.  CO                i-i 

Z 

II 

II    00  00  Z  (_>  UJ 

00 

z 

II   i-i  z 

>  UI  00         z 

01 

o 

II 

II  1- 

•-4 

UJ 

< 

t-H 

o  ui  m  H 

-1  <J 

II  (ri/iQi/icri-_ic3 

»— 1 

II 

II    O  I  _l 

1- 

H 

X  U  -1  UJ 

l-H 

II  1- 

Z        3  _l  UJ  ■-• 

Z) 

K 

II 

Q 

II  < 

1- 

Q. 

z 

»-« 

1- 

cr 

3 

>  OO 

II  u  u. 

<  Z  -I  3  >  CO 

u 

II 

UJ 

II  a 

2 

h-4 

cr 

00 

a 

00 

UJ 

UJ 

II  UJ  o 

O  >-•  CO  UJ  UJ 

1- 

< 

II 

Z 

cr 

II  Z  cj 

*-« 

o  UJ 

z 

UJ 

_J  Q 

II  _i 

Z  -•  <  UJ  _l  Q 

II 

o 

l-H 

II  >-■ 

z 

UJ 

»-• 

■D 

t-t 

»-i 

ex 

II   UI  z 

O  00  u.  cr 

< 

z 

II 

l-l 

3 

II 

K-* 

UJ 

_l 

cr 

00 

l-H 

-1  £ 

II        o 

-i  00             _l  Z 

UJ 

II 

1-  o 

II    10 

>  00 

3 

a. 

00 

a 

1- 

< 

UJ 

,-^ 

II   3  "-I 

(-   UI  UJ  1-   <   UI 

■-^ 

»- 

a 

II 

u 

Ui 

II    lO 

_l  O  Q 

t-^ 

UJ 

_l 

cr 

H-t 

1- 

Q 

II    UJ  UI 

o  q:  o  cr  •-  H 

Q 

o 

II 

< 

cr 

II    lU  O 

a. 

UJ 

r 

o 

UJ  o  o  OO  a 

II      M     UJ 

ui  a  3  O  CJ  00 

q: 

uo 

II 

II    CO  OO  O 

r 

1- 

q: 

3 

> 

a 

UJ 

> 

< 

11   >  Q 

1-  Q.  Q  a  UJ  > 

< 

Q 

II 

II  CO 

UJ 

q: 

u 

»-i 

a 

_) 

UI 

UJ 

a 

00 

O 

II    UJ   UJ 

UI  3  UJ  UJ  a  00 

o 

UJ 
M 

II 
II  - 

II  

ac 

a 

00 

s 

00 

CJ 

-I 

ir 

00 

■-' 

CD 

II  cr  a: 
—  II  — — 

Q  00  q:  cr  00  -— 

(O 

►- 

cr 

II 

II 

II 
II 

II 
II 

a 

o 
o 

II 
II 

II 
II 

It 
II 

Q 

UJ 

1— 

II 
II 

z 

II 

II 

1 

II 
II 

on 

< 
u 

z 

II 
II 
II 

o 

1- 

z 

Ol 

II    < 
II    > 

II     1 

00 

II  < 
II  > 

II    1 

00 

3 

II 

U  Q 

II   u 

«— 

II  o  — 

II 

< 

*-• 

II  to 

1 

II  CO   1 

II 
II  - 

II  -) 

II   — — - 

•~ 

11    -5   — 

II 

II 

II 

II 

II  < 

II    1- 

II 

II  ^ 

II    CJ 

II 

II  < 

II  UI  r 

II 

II    UJ 

II    K   U 

II 

II  -1 

11    UJ  1- 

II 

z 

II 

II    Q  « 

II 

o 

II  _l 

11           3 

II 

•— 1 

II  < 

II    UJ  uO 

II 

1- 

II   z 

II    ^ 

II 

a 

II  cr. 

11   O  1- 

II 

•— « 

II    UJ 

11    S   UJ 

II 

tr 

II  1- 

11     OO   00 

II 

t-H 

u 

M     X. 

II           UJ 

II 

tr 

00 

II    UJ 

11  z  a: 

II 

o 

UJ 

II 

II  1-1 

II 

01  Q 

M    01 

II    CO  00 

II 

II  q: 

UJ 

II  <  cr 

II 

II  - 
II 

II  < 
II  ..— , 

O 

It  <_)  o 

1 

1 

K   l/l 

1- 

II 

—  II  — — .. 
II 

1 

II 

«    00 

o 

II 

II 

O 

II 
II  - 

LJ  ►-. 

< 

II 

II 

II 

II 

II 

r-j 

II 
II 
II 

II 
II 
II  . 

II 
II 
II 

O 

II 

II. 

II 

z 

II 
II 

UJ 

II 
II-  r» 

II 
II  00 

t- 

II 

z 

O 

II  1^ 

II  (]) 

(T 

II 

»-■ 

z 

II   o 

II  o 

o 

II 

U 

3 

II  o 

II  o 

a. 

II 

a 

z 

II    (0 

II    (O 

UJ 

a: 

M 





^_. 

ii 

_. 

_. 

_. 

11 

490 


r~  to 
CD  03 

II 

II 

" 

~*" 

~^" 

^' 

■^" 

^ 

II 

■ 

■ 

II 
II 
II 

•^ 

II 

II 

II 

II 

H 

II 

^ 

II 

n 

II 

11 

•  ^ 

II 

)i 

II 

II 
11 
II 
II 
II 
II 
II 
11 
II 
11 

O  CO 

II 

UJ    II 

II 
II 

z  o 

II 

_i  II 

II 

H  3    11 

II 

UJ  LLI 

II  to 

r  Q  11 

II 

O  1- 

II  1- 

1-  O  UJ  11 

II 

<  < 

II   u 

(/I  I-  r  ti 

II 

a  Q 

II    <  O  UJ  U    II 

II 

II  a  u  3  1/1  II 

II 

II  S 

11 

11 

II  >-■ 

n 

II 

II 

II 

M 

II 
—  II  ^^^"^ - 

II 
-   II 

II 

11 

11 

II 
11 
II 

II 

O   11 

II 

M 

IT    II 

II 

M 

UJ  O   II 

II 

11 

II 

K          II   to 

II   (O 

11 

II 

<  a  II  ffi 

II  oo 

II 

II 

Q  O   M   "^ 

UJ 

II    -^  UI 

It 

II 

1/1   II   (0  < 

II   01  < 

'1 

M 

UJ  Z    11    — 

1 

II  —  1 

" 

II 

Z5  O    11   ^  U 

II  >»  u 

11 

M 

Q  a.  II  (0  «/> 

11    (M  1/1 

II 

II 

l/l   11   o 

-> 

II    —  -> 

—  II  ^^^— ■• 

It 

-   II 

II  

II 

II 

II 

II 

II 

II 

t/) 

II 

K 

II 

II 

II 

1- 

*^ 

II 

CM 

Z 

(N 

1- 

II 

II 

II 

_j 

•-* 

II 

GO  UJ  O  U. 

< 

II 

II 

II 

o 

3 

II     1 

01  s 

— 

o 

UJ  CD  3 

II 

II 

II 

1- 

</) 

_l 

11  ^  a 

o 

UJ 

1 

^ 

I 

o 

UJ 

II 

II 

II 

Q  UJ  UJ 

z 

MHO 

•- 

o 

> 

cr 

• 

K 

cr 

•-• 

II 

II 

11 

UJ 

UJ  {£  >  (3 

II  X  u. 

<  o  o 

^ 

00 

a 

> 

II 

II 

II 

> 

_l 

UJ 

•-• 

II   (3 

cc 

_l 

H 

K 

o 

UJ 

II 

II 

II  z 

l-t 

<  1-  -J 

1/1 

II    l-l  CO  (_)  CL 

Z  (J 

z 

►-• 

1- 

l-l 

a 

II 

l/l 

II 

II   O  H-  UJ  (T 

UI 

II    UJ  h- 

Z  UJ  o  < 

< 

z 

♦-I 

II 

z 

II 

II  "-I 

<  <A  o  -i  a 

• 

II    3  U 

(X 

U. 

I 

l-H 

00 

z 

II 

on  O 

II 

II  </) 

_l 

a 

< 

^^ 

II    ^  < 

u. 

^ 

I/) 

1- 

-1 

t- 

-1  <o 

II 

II 

M    O  UJ 

> 

UJ 

*-4 

za 

II  1-  a  o  z  UJ  4 

-1 

UI 

l-H 

II 

3  1- 

II 

O   II   IX 

a: 

_i  a  u  UJ  a 

II  1/1  z 

o  -i 

(/1 

_i 

3 

> 

1/1 

II 

CJ 

II 

ui  II  ir 

-J 

UJ 

t- 

< 

II   O  l-l 

z 

»— I 

*^ 

UJ 

00 

< 

1/1 

Uj 

UI 

II 

h-   < 

II 

Z  (T    11    O 

(/I 

< 

. 

a. 

1>1  o 

II  (-> 

O  1/1  1- 

> 

UJ 

z  UJ 

-1  Q 

II 

II 

0-<    II    CJUJOt/1(/1 

>  o 

II          UJ 

►-* 

UI 

< 

-I  o  cr 

II 

<  z 

II 

►1  Z)   II 

t-t 

t^ 

UJ 

1/1 

II  a.  -1 

1- 

Q 

l-H 

X 

H-l 

-1 

Z 

II 

III 

II 

H  O  II   5 

-J 

1- 

r  UJ 

s„^ 

s 

II    O  3 

UJ 

UJ 

C£ 

> 

1- 

H 

< 

UJ 

^^ 

II 

1-  Q. 

II 

U  UJ    II    UJ 

< 

UJ 

u  X 

UJ 

II   _l  o 

-1 

cr 

(/I 

I  1- 

< 

a 

H-i 

1- 

O 

II 

o 

II 

<  CC    It    -> 

s  s  1-  1-  ai 

i-i 

II    UJ  UJ 

a 

I  O  UJ  QC  O  U 

00 

cr 

II 

1/1 

II 

II  >  o  ct 

►-* 

(J 

> 

II    >  X  S  Q 

t~t 

u. 

UI 

a. 

UI 

> 

< 

M 

Q 

M 

II    UJ 

z 

UJ 

2  O  (T 

UJ 

11   UJ  o  o 

z  u. 

I 

< 

a 

UJ 

a  00  o 

II 

UJ 

II 

II    (T 

< 

X  1/1  t- 

a 

a 

II    Q  1/1 

-~    II    ~— ~~** 

u 

< 

o  5  to  o  a 

1/1 

v^ 

CD 

II 
—   II 

*-4    t-^ 

II  — 
II 

It 

II 

II 

(T 

II 

II 

II 

II 
II 
II 

IT  O 

II 

II 

II 

■  a 

II 

II 

II 

a  UJ 

II 

II 

II 

It 
11 

1- 

M 

Z         11 

II 

1/1  < 

II 

O  1-   II   < 

1/1 

II  < 

1/1 

II 

u 

M 

—  Z    II    > 

II  > 

II 

z 

II 

K  UI    II     1 

II    1 

It 

3 

M 
II 

II 

O  Q   II   U 

II  -> 

1 

II  o  — 
II  (/I   1 
II  ->  — 

*^    II  "^—^^ 

II 

II 

II 

—   II 

II  — 
II 

11 

II 

II 

II 

11 

II    UJ  > 

II 

II 

II 

II  a  UJ 

It 

II 

II 

II  <  -i 

It 

II 

II 

II    (T  I 

II 

II 

II 

II    O  U 

^n 

II 

II 

Z    II 

II  a  < 

1- 

II 

II 

O   II 

II  3 

l-H 

II 

II 

•-■  II 

It        OS 

II 

II 

h-    II 

11    t/1  K 

1-4 

tl 

II 

a.  II 

II    OL 

-1 

11 

II 

-I  II 

11   1-  Q 

II 

II 

q:  II 

II           UJ 

II 

II 

—  u  » 

II  (N  q: 

ir 

II 

II 

ex  </1    II 

II    O  i-i 

UJ 

II 

II 

a  UJ  II 

11-3 

a. 

It 

II 

1/1  Q    11 

11    1    o  o 

II 

II 

II 

II    >  UJ 

It 

T 

11 

II  — 
II 

II 

11  o  cr 
~—  11  ^^"^ 

UJ 

II 

—  II 

1-  1/1  h-  II 

II 

II 
II 

1 

II 

<  t/1  O    11 

It 

O 

II 

II  - 
II 

U  —  <    II 

II 
— ~  II  ^^^— 

II 

—   II 

II 

II 

II 

CM 

II 
II 
II 

11 
II 
II 

II 
II 
II 

It 
II 
II 

o 

II 

n 

II 

II 
II 
11 

z 

II 

(t  II 

II 

II 

UJ    11   (S 

II   01 

h- 

II 

Z  (0    II   0) 

II  o 

It 

o: 

II 

—  S    II   O 

II  — 

It 

O 

l( 

;j  3   II   O 

II  o 

II 

Q. 

II 

a  z  II  (0 

II   (O 

II 

LlJ 

■  \ 

II 

II 

._ 



.__ 

___ 



tl 

491 


CD 

)i 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
tl 
tl 

It 
It 
II 
II 
II 

It 
It 
It 
It 
It 

O  03 

II 

UJ 

II 

II 

II 

II 
II 

z 

o 

II 

_i 

II 

II 

II 

II 

K 

3 

M 

II 

II 

II 

UJ 

liJ 

M 

l/l 

X 

a 

II 

II 

II 

II 

o 

1- 

M 

K 

t-  O  UJ 

II 

II 

II 

II 
II 

< 

< 

II 

U 

i/l  1-1 

r 

II 

II 

II 

a 

Q 

II 

< 

O  UJ  O 

II 

II 

It 

II 

II 

a. 

<->  s 

01 

II 

II 

It 

II 

II 

s 

II 

II 

It 

It 

II 

^^ 

II 

II 

II 

II 

II 

II 

II 
—  II 

II 
—  II 

II 
-  II 

II   ■ 
II 

~ 

II 
M 

II 

It 

II 

II 

13 

II 

II 

It 

It 

II 

a 

II 

II 

It 

II 

II 

UJ  O 

II 

II 

II 

II 

II 

►- 

II 

(0 

II 

r» 

II 

r^ 

II 

II 

< 

(£ 

II 

CO 

II 

a 

It 

O) 

II 

II 

Q  O 

II 

^ 

UJ 

tl 

^ 

UJ 

It 

^ 

UJ 

II 

II 

iA 

II 

0)  < 

II 

CD 

< 

It 

r~ 

< 

tl 

II 

UJ 

z 

II 

1 

II 

^• 

1 

It 

^ 

1 

II 

II 

3  O 

II 

~v 

u 

II 

~v 

u 

II 

^  o 

II 

II 

Q 

a. 

tl 

(N 

IM 

II 

fN 

CO 

II 

CM 

CO 

It 

II 

to 

II 
II 
II 

^ 

-i 

II 
_  II 

•~ 

~> 

It 
—  II 

•■ 

-> 

It 

-  It 

II    ' 
II 

II 

11 

tl 

II 

II 

II 

00 

UJ 

II 

UJ 

It 

II 

II 

•  _l 

1 

tl 

i-t 

I 

II 

o 

u. 

1 

01 

•— t 

It 

II 

II 

U  -1  C3 

H4 

o 

II 

CO 

H 

It 

tu 

l-H 

H-» 

t- 

•-H 

II 

II 

II 

O  < 

z 

u 

1- 

II 

> 

UJ  m  3 

tl 

cr 

_J 

u. 

_l 

II 

II 

II 

^ 

CO 

IT 

1-4 

II 

-J 

U. 

I  <_)  UJ 

tl 

»-" 

*-^ 

3 

-I 

II 

II 

II 

t- 

1/)  u. 

cr 

U. 

00 

l-» 

Z 

II 

< 

o 

(- 

a 

i-i 

II 

3 

UI 

K 

00 

UJ 

z 

It 

II 

II 

X  <  o 

1- 

o 

II 

Z 

Q. 

> 

II 

O  3  cr 

UJ 

> 

o 

It 

II 

II 

t3 

Z)  I 

-t 

_l 

II 

< 

00  UJ  O 

UI 

II 

UJ 

O  UJ 

cr 

Uj 

f 

tl 

tl 

II 

01  1- 

O  1- 

n 

UJ 

00 

II 

< 

cr 

1- 

*-• 

a. 

II 

q: 

»-( 

u 

_l 

CO 

It 

(/> 

II 

II 

UJ 

K  Z 

UJ 

1-^ 

oi  >  UJ 

II 

UJ 

UJ 

3 

1^ 

II 

t- 

1- 

UJ 

It 

z 

M 

II 

suujtrsujuia 

• 

tl 

3  a  1- 

00 

z 

II 

CO 

< 

o 

CE 

-1 

Q 

II 

i/l  O 

M 

II 

■V 

<  Z 

(T 

-I 

^^ 

II 

(J 

< 

O 

K 

-1  o 

II 

* 

u. 

z 

O 

< 

^^ 

II 

II 

II 

»- 

a,  UJ 

CO 

00 

S 

o 

II 

i-i 

3 

-1 

UJ 

»-( 

II 

a: 

< 

a 

f 

Z 

Q 

II 

Z)  1- 

II 

o 

II 

CO  S  (_I  UJ  Ui  H 

-1  UJ  (X 

II 

K 

-1 

cr 

3 

> 

i/i 

It 

< 

UJ 

UJ 

l_' 

UJ 

cr 

II 

u 

II 

UJ 

II 

o 

i-<  < 

_1 

3 

cr 

< 

t- 

< 

II 

< 

< 

1- 

CO 

UJ 

UJ 

It 

UJ 

1- 

K 

a. 

UJ 

1- 

< 

II 

1-  < 

II 

Z 

a 

II 

(J 

_i 

»-• 

-1  O 

»-l 

OO  O 

11 

U. 

u 

00 

UJ 

_l 

Q 

tl 

UJ 

Z 

a 

00 

O 

II 

II 

o 

i-< 

II 

UJ  a 

K 

< 

a 

o 

> 

m 

11 

»-« 

a. 

It 

UJ 

_l 

UJ 

01 

> 

CQ 

II 

<  z 

II 

3 

II 

a 

-1  UJ 

> 

UJ 

UJ 

00 

II 

Z 

1- 

IT 

_l 

Z 

It 

t- 

Q. 

Z 

CO 

II 

ai 

II 

H 

O 

II 

O  3  QC  O 

cr 

Q. 

s.-^ 

5 

II 

cr 

f^ 

UJ 

K 

< 

\il 

'^ 

II 

UJ 

z 

oO 

z 

UJ 

^-' 

5 

It 

t-  o. 

II 

o 

UJ 

II 

-1  o 

o  o 

00 

UJ 

II 

o 

cr 

1- 

a. 

HH 

\- 

O 

II 

-1  O 

CO 

o 

I 

UJ 

II 

o 

II 

< 

(T 

II 

UJ  UJ  X  0) 

ft 

(D 

>-4 

II 

u. 

u 

>-« 

o  u 

00 

cr 

II 

a 

(J 

UJ 

•-^ 

K 

(!) 

>^ 

II 

(/) 

II 

II 

I  1- 

1 

z 

UJ  o 

> 

II 

QC 

CO 

a 

UJ 

> 

< 

It 

z 

CO 

1- 

U 

> 

II 

Q 

II 

II 

iL 

(_)  — 

•^ 

o 

(N 

I  a 

LU 

II 

Ui 

u. 

a. 

UJ 

a 

01 

o 

II 

o 

o 

01 

<t 

O 

(T 

UJ 

II 

ISI 

II 
II 
II 

II 
II 
It 

Q  t/1  S 

_J 

CO 

— 

K 

a 

QC 

It 
—  It 

a 

o  o 

a. 

01 

^-^ 

m 

It 
—  II 

u 

K 

< 

(.J 

1- 

a 

a. 

II 
—  It 

II 

II 

It 

cr 

II 

II 

II 

II 

It 

a  o 

II 

II 

II 

It 

II 

CJJ 

II 

II 

II 

II 

It 

a  UJ 

II 

II 

II 

II 

tl 

H 

t! 

z 

II 

II 

It 

It 

Ul    < 

II 

O  H 

II 

< 

CO 

11 

< 

00 

II 

< 

CO 

It 

(_) 

II 

Z 

II 

> 

II 

> 

It 

> 

It 

Z 

II 

h- 

UJ 

II 

II 

t 

tl 

1 

It 

r3 

II 

U  Q 

II 

u 

*- 

II 

u 

^— 

II 

u 

•— 

It 

11 

< 

t^ 

II 

CO 

1 

II 

to 

1 

II 

(/) 

1 

It 

II 
II 
II 

II 
II 

l{ 

~> 

— 

II 

-) 

— 

II 

—  II 

-> 

■~ 

II 
—  tl 

II 

It 

It 

II 

II 

z 

II 

a 

II 

oO 

ft 

II 

II 

II 

o 

It 

UJ 

s 

It 

> 

1- 

II 

II 

i: 

on 

II 

3  O 

II 

_l 

UJ 

It 

II 

II 

II 

o 

u 

It 

< 

-I 

It 

II 

II 

u. 

II 

It 

z 

a 

It 

II 

z 

II 

O  CO 

II 

K 

z 

It 

< 

s 

It 

II 

o 

M 

a. 

II 

< 

o 

It 

o 

II 

II 

II 

1- 

t- 

It 

u. 

»-« 

It 

O  U 

It 

II 

K 

II 

z 

It 

1- 

tl 

z 

It 

II 

a 

II 

UJ  O 

II 

UJ 

< 

II 

»-< 

1- 

It 

11 

II 

s 

UJ 

II 

q: 

CJ 

It 

□: 

ir 

It 

II 
II 

„ 

cr 

II 
II 

UJ 

1- 
1/1 

II 
II 

3 
1- 

u. 

z 

It 
It 

UJ 
UJ 

o 

Q. 

It 
It 

II 

tr 

1/1 

II 

< 

UJ 

II 

U 

»-t 

o 

II 

z 

UJ 

II 

II 

O  UJ 

II 

-I 

1— 

II 

3 

1- 

•— • 

tl 

•-• 

cr 

It 

II 

l/l 

Q 

II 

a. 

II 

cr 

ir 

t— 

II 

c; 

II 

II 

II 

UJ 

u 

II 

\~ 

UJ 

UJ 

II 

z 

i/i 

z 

It 

T 

11 

II 
II 

II 
II 
II 

cr 

It 
—  It 

01 

i_) 

_l 

It 
—  It 

UJ 

— 

o 

— 

— 

II 
—  II 

1-    01 

K 

II 

II 

II 

( 

II 

<  on 

O 

II 

11 

It 

II 

(SI 
O 

II 

<_)     -H 

< 

11 

It 

II 

II 

II 

—  II 

II 
II 

II 

1! 

II 

II 

It 

CM 

II 
II 
II 

II 
II 
II 

II 
II 
II 

It 
It 
It 

It 
II 
tl 

o' 

M 

II 

II 

II 

It 

z 

II 
II 

cr 

UJ 

II 
II 

o 

II 
II 

^ 

11 
It 

CN 

It 
It 

K 

II 

2 

CO 

M 

11 

^ 

It 

*- 

It 

X 

II 

5 

II 

— 

II 

^- 

II 

•~ 

II 

o 

M 

u 

3 

It 

o 

II 

O 

It 

o 

It 

a 

tl 

a 

z 

II 

(C 

It 

10 

II 

IC 

II 

II 

■1 

.— _ 

_1 

,_ 



11 











M 

492 


0)  (O 
CO  CO 


o  to 
z  o 

111  m 
a  I- 
<  < 

a  a 


to 

z 
tn  o 


u 
I-  < 

<  z 

ai 

I-  Q. 

O 
1/1 

Q 

UJ 
M 

IT 

a.  o 

o 

O  liJ 

^- 

i/i  < 

u 

z 

3 


O 


o 

z 


a. 

o 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

N 

II 

II 

II 

II 

UJ 

II 

II 

II 

_l 

II 

II 

II 

H 

3 

II 

II 

II 

l/» 

I  Q 

II 

II 

II 

1-  1-  O  UJ 

II 

II 

II 

U 

1/5 

t-4 

I 

II 

II 

II 

< 

O  UJ  U 

II 

II 

II 

a 

U 

SCO 

II 

II 

II 

s 

II 

11 

II 

»-« 

II 

II 

II 

II 
II 
II 

II 
^  II 

II 

H 

II 

II 

O 

II 

II 

II 

cr 

II 

II 

II 

UJ  O 

II 

II 

II 

1- 

II 

(0 

II 

(0 

1   (0 

II 

< 

a 

II 

<B 

II 

CD 

1   CO 

II 

Q  O 

II 

•^  UJ 

II 

^ 

UJ 

1   ^ 

UJ 

II 

(/I 

M 

•— 

< 

II 

r— 

< 

1  o 

< 

II 

UJ 

z 

II 

^ 

1 

II 

r— 

1 

1    f-4 

1 

II 

D  O 

II 

^  <J 

II 

^  o 

1   \ 

u 

II 

o  a. 

II 

r~ 

t/1 

It 

r^ 

CO 

1   ID  OO 

II 
II 
II 

lO 

II 
II 
II 

o 

-5 

II 

~  II 

o 

-i 

1    O 

~> 

II 

II 

II 

1 

II 

II 

II 

(T 

II 

Q  (/) 

u. 

II 

II 

(/) 

UJ 

II 

Z 

z 

o 

-1 

z 

II 

II 

1 

UJ 

1- 

Q  O 

II 

< 

O  U. 

h- 

< 

z 

• 

1    UJ 

q: 

UJ  m  2 

II 

II 

*-* 

Z 

< 

Z  1- 

i-M 

II 

•-H 

o 

1 

z 

a 

1-^ 

UJ 

*^ 

1    _J 

Ul 

UJ  X  <-)  UJ 

II 

II 

U.  o  s  < 

HN 

z 

II 

00 

f- 

z  o  o  u  1- 

o 

1  ID  a  u 

Q  1-  cr  i-i 

II 

II 

»^ 

t- 

o 

II 

t- 

< 

z 

UJ 

Ht 

a 

UJ 

00 

q: 

1  < 

< 

z 

«        Q.  > 

II 

II 

1- 

U. 

-J 

-1 

u 

-1 

»^ 

II 

z 

o  o  Z  K  UJ  a 

> 

< 

1   U  K  o 

>  O      UJ 

II 

II 

ir  o 

< 

< 

< 

UJ 

(/» 

II 

UJ 

z 

H4 

z> 

< 

K 

00 

00  O 

1  *~* 

00  (J  Q  O  K  HI  (T 

II 

II 

UJ 

Z 

a 

>  UJ 

II 

Z  UJ  1-  (T  a 

■h^ 

ffi 

1  -1 

UJ  a      » 

II 

II 

u  <j  ix  (E  z  UJ  a 

• 

II 

UJ 

Z  <  1- 

3 

UJ 

1  a 

UJ  UJ  00  a  z      z 

II 

II 

z 

UJ 

UJ 

1^ 

_1 

^ 

II 

QC   Z  1-  00  O 

> 

X  CD  2 

1  a 

I  (J  O        O  -I  o 

II 

II 

r 

1- 

1- 

z  o 

II 

>^ 

o  z 

z 

t— • 

00 

1- 

u 

UJ 

1  < 

K 

< 

a,      H4  UJ  >-< 

II 

o 

II 

1- 

H 

z 

< 

1- 

-1 

UJ 

(T 

II 

3  (-)  UJ 

»-4 

u. 

a: 

q: 

I-* 

Z  O     •  1-  >  (/I 

II 

UJ 

II 

00 

z 

00 

< 

H 

< 

II 

OUJ  z 

z 

UJ  o 

a 

> 

1    UJ 

u. 

< 

cr  z  <  UJ  Ul 

II 

z 

tr 

II 

2UJ 

o 

l-H 

00  O 

II 

Ul 

a  UJ  00  o  1- 

1- 

UJ 

IKOOaOQ-IQ 

II 

o 

t-i 

II 

t- 

00  O  o  u 

> 

CD 

II 

a 

-I 

a. 

o 

*-4 

»-i 

cr 

1  < 

—  z 

II 

3 

II 

Q 

a. 

z 

UJ 

1/1 

II 

uj  a 

h- 

m 

i/l 

»-* 

1  z 

00 

cr 

UJ  1-   UJ   -1   Z      ■ 

II 

1-  a 

II 

UJ 

z 

1- 

»-« 

1- 

a 

N^ 

3 

II 

5  Q  Z 

z 

q: 

1- 

z 

i    •-* 

3 

UJ 

X  3  Z  <  UJ'- 

II 

u 

UJ 

II 

UJ  O 

u. 

cr 

oo 

UJ 

II 

Ul 

h-i 

»-l 

_l  o  o 

_1 

-1 

(J 

1  a  UJ 

^ 

^-  -I  Z  ►-  1-  Q 

II 

< 

a 

II 

u 

t~t 

< 

O  O 

o 

*^ 

II 

*-H 

> 

< 

>-* 

n 

UJ 

l-H 

1  ac 

*-< 

u 

o  o  u  i/i  cr 

11 

II 

O  H 

o 

a 

UJ 

a 

> 

II 

> 

o  a 

z 

t- 

-I 

00 

> 

00 

1  o 

> 

< 

Q  00  U  UJ  >  < 

II 

II 

a. 

< 

00 

a. 

Ul 

X 

q: 

Ul 

II 

UJ 

ac  o 

1^ 

< 

_i 

UJ 

UJ 

UJ 

1  o  UJ  cr 

z  Ul  UJ  a  oo  o 

II 
II 
II 

II 
II 
II 

a. 

u 

< 

a. 

ac 

1- 

a 

ac 

II 
_  11 

a 

a. 

u. 

u. 

K 

< 

a 

_1 

a 

1  u 

tr 

1- 

<  a  cr  00  w  03 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

z 

II 

II 

II 

O  t- 

II 

< 

1/) 

11 

< 

(/» 

1  < 

00 

II 

l-t 

z 

II 

> 

II 

> 

1  > 

II 

K 

UJ 

II 

1 

II 

1 

1    1 

II 

o 

Q 

II 

o 

*- 

II 

o 

r- 

1  u 

^ 

II 

< 

»-« 

II 

tM 

1 

II 

l/l 

1 

1    00 

1 

II 

M 
II 

II 

II 
II 

-> 

■~ 

II 

-) 

•~ 

1  -> 

•~ 

II 

II 

II 

K  O 

II 

z 

z 

UJ 

o 

II 

II 

z  o 

II 

Z) 

1  a 

> 

z 

II 

II 

fH 

a 

II 

a 

q: 

1   :£ 

o 

l-H 

II 

II 

a 

II 

1- 

K 

1  o 

< 

z 

II 

II 

lo 

tr 

II 

1/1 

S 

1  cr 

z 

UJ 

II 

Z 

II 

a 

UJ 

-J 

II 

z 

u. 

1  t- 

1.^ 

a 

II 

o 

II 

1- 

1- 

< 

II 

t-i 

o: 

»-• 

o 

II 

»-4 

II 

< 

II 

O  1- 

\  a  z 

II 

1- 

II 

u. 

S  a. 

II 

1- 

u. 

CE 

1  < 

o 

CL 

II 

a 

II 

O 

1 

UJ 

II 

r 

Ul 

1  1- 

a 

UJ 

II 

k-H 

II 

UJ 

1— 

II 

o 

z 

u 

1  00 

U. 

1- 

II 

a 

II 

a 

< 

II 

(^ 

o 

1- 

II 

•-H 

u 

II 

u. 

s 

n 

-1 

»— t 

z 

1    K 

UJ 

O 

II 

££ 

OO 

II 

■-H 

_i 

II 

U. 

1-  o 

1    Z 

o 

I 

II 

O 

UJ 

II 

h- 

< 

a 

II 

< 

f— ( 

1    UJ 

< 

00 

M 

00 

Q 

II 

tr 

z 

z 

II 

00 

1- 

Ln 

1  1- 

z 

II 

II 

UJ 

a 

II 

a 

z 

00 

1  o 

< 

1- 

II 
II 
II 

II 
II 
II 

u 

UJ 

u. 

II 
^  II 

t- 

UJ 

'-' 

1  a. 

Q 

cr 

t- 

l/l 

1- 

II 

II 

< 

</) 

U 

II 

II 

II 
II 
II 

u 

»-H 

< 

II 
II 
II 

II 
—  II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

(X 

II 

II 

II 
II 

Z 

UJ 

II 

II 

in 

II 
II 

co 

1  r~ 

1    CN 

II 

^« 

s 

II 

^- 

II 

-— 

1   ^- 

II 

u 

— ' 

II 

o 

II 

o 

1  o 

II 

tl 

Q. 

z 

II 
II 

lO 

II 

II 

CO 

1    ID 

493 


0  to 

1  (D 

II 

II     II 

^" 

~*~ 

"~" 



" 

II 
II 

V, 

II 

II     II 

[1 

^ 

II 

II     II 

II 

,^ 

II 

II     11 

•  >^ 

II 

II     II 

II 

O  dJ 

II 

UJ    II     II 

11 

z  o 

II 
II 

_J    II      II 

1-  3  II    n 

11 
II 
II 
II 

UJ  tu 

II    l/l 

ION     II 

O  1- 

II   t- 

1-  O  UJ   II    II 

<  < 

II    U 

00  «  X   »    II 

II 
II 
11 
II 
II 
-  II 

a  o 

II    < 

O  UJ  U    II     M 

II  a 

U  2  (/)   II    II 

II  S 

II   II 

II  >-• 

II   II 

II 

II   II 





II  — 
II 

II   II 

II 
II 
II 
II 

II 

a  M  II 

II 

CC    II     II 

II 

111  O   II    II 

M 

1-       II   II  « 

(O 

II 
n 

II 

<  a  II   no 

(B 

II 

Q  O    II     II    ^  UJ 

v^ 

UJ 

n 
II 
II 

II 

l/>  II    II  —  < 

^ 

< 

II 

UJ  Z   II    II   —    1 

^~ 

1 

II 

3  O    II     II    ^  O 

^ 

0 

n 

II 

Q  Q.   II    II  r»  l/l 

t^ 

1/1 

II 

II 

l/l    II     II    O  ~) 

o 

-> 



II 
-  II 

II  

tl 

II   II 

II 

II 

II    II 

_l 

II 

II 
II 
II 

II    II 

o 

UJ 

00 

0 

II 

II    II         1 

a: 

1 

X 

1/1  UJ  0 

UJ 

11 

II    II  o  •-* 

1-  o 

•M 

1- 

< 

0  1- 

_i 

M 

UJ 

(D 

3 

II 

II 

II     II    (/I  U. 

z 

1- 

> 

l-H 

CD 

z 

< 

.-" 

X  U 

UJ 

11 

II 

II   II  a:  u. 

o 

< 

i     1/1 

< 

00 

I— « 

s 

1- 

IZ 

.-« 

II 

II 

II    II  S  3  O 

o 

UJ 

Z  13 

UJ 

(Z 

z 

X  UJ  1- 

!-• 

a 

> 

II 

II 

II    II   O  1/1 

z 

O 

^ 

z 

UJ 

(T 

< 

0  <-)  cr 

z 

z 

0 

UJ 

II 

M 

II    II 

< 

> 

< 

IZ 

HI 

. 

u 

3 

►- 

.-t 

n 

UJ 

>-t 

V- 

»-< 

a 

II 

(/> 

11 

II     II    UJ  UJ 

1- 

Z  UJ  IX  u 

z 

0 

00 

K 

Q 

a 

1- 

z 

»-• 

II 

z 

II 

II  II  r  o  UJ 

< 

^ 

3 

z 

< 

UJ 

< 

UJ 

UJ  0 

1/1 

z 

II 

II 

II    II  1-  >-• 

o 

-1 

QUO 

H-* 

1-4 

0  UJ  0 

Q  U 

a. 

00 

1- 

-1  0 

II 

II 

II    II         > 

z 

< 

< 

_l 

_l 

0  X 

t-t 

Z    " 

0 

»-• 

_l 

UJ 

.-* 

II 

3  f— 

II 

on    II  K  o 

< 

3  UJ  a 

UJ 

o 

a. 

(Z 

►- 

> 

UJ 

cr 

1- 

Z) 

> 

00 

11 

(_j 

II 

UJ    II     II    4  Q^ 

Q  O  Q  1- 

00 

z 

s 

0. 

< 

Z 

a 

< 

UJ 

l/l 

UJ 

UJ 

II 

H-  < 

II 

z  a  II  II  r  0. 

i-H 

3 

< 

< 

o 

0 

z 

S 

X  0 

UJ 

-i 

O 

II 

II 

O  >-'   II    11   1- 

^ 

Ul 

-1  (X  (Q 

I 

u 

0 

z 

^ 

0  UJ 

1- 

< 

cr 

11 

<  Z 

II 

►-  Z)    II     11         I- 

O  t- 

U 

< 

z 

1— « 

cr 

u 

00 

s 

-J 

s 

II 

lij 

II 

1-  O  II    II  UJ  s 

< 

UJ 

v- 

z 

a 

1- 

t— t 

0 

UJ 

UJ 

0 

Ui 

< 

t- 

< 

UJ 

'^ 

II 

K-  Q. 

II 

i_i  UJ  II   II  cr  o  1- 

3 

IZ 

00  O 

z 

cr 

1- 

IZ 

^ 

(Z 

X 

cz 

Q 

a 

.-• 

1- 

0 

II 

O 

11 

<  (T    II     II    3 

z 

o  a 

H-t 

3 

o 

00 

< 

u 

1- 

■D 

0 

<_1 

00 

q: 

II 

II 

II    II   00  o 

UJ 

UJ 

UJ 

1- 

O 

a 

1— 1 

0 

< 

Q 

.n 

IZ 

a 

UJ 

> 

< 

II 

Q 

11 

II    II   z  z 

Q  O  I 

< 

cr 

UJ 

X 

UJ 

cr 

z 

0 

z 

0 

UJ 

a 

00 

0 

II 

UJ 

II 

II      11    UJ   < 

u 

< 

1- 

1- 

o  o 

a 

UJ 

a 

1- 

< 

1- 

UJ 

u. 

tz 

00 

^ 

m 

II 
—  II 

rsi 

11  — 
II 

.  — — -^—    II      II    — — 

II   II 

II 
II 
II 
n 
II 
II 

CE 

II 

II    II 

tr  O 

II 

II    II 

O 

II 

II    11 

a  UJ 

II 

II    II 

>- 

II 

Z          II     11 

i/i  < 

II 

O  1-    II    II   < 

00 

s 

1/1 

II 

u 

M 

«   Z    H     11    > 

t3 

II 

z 

II 

1-   UJ    II     11      1 

1 

II 

3 

II 

(J  Q    M     II    O  — 

u 

^ 

II 
II 

II 

<     l-H      II        II      lO       1 

l/l 

1 

II 

II    11   -)  — 

3: 

(N 

II 
—  II 

II    — 
II 

II   II 

11 

II 

II    II  o 

II 

H 

II   11       <J 

II 

II 

II    II   >  z 

II 

II 

II   II  <  -■ 

o 

II 

II 

II   11  z  a 

z 

II 

II 

Z   II    11  -^  D 

*^ 

II 

II 

on    11  (T  O 

-i 

II 

II 

>-•    II      II    UJ 

D 

II 

II 

1-    11    II   ::£  Ul 

Z 

11 

II 

Q.   II    II   U  (J 

< 

II 

II 

I-.    11    II   <  < 

X 

II 

II 

q:   II    11  QC  S 

II 
II 

II 

►-.on    II  1-  < 

Q 

II 

a  00  II    11       d 

Z 

II 
II 

II 

Q  UJ  II    II  a: 

3 

II 

1/1  Q    II     11    <  UJ  o 

II 

II 

II     II    K  l/l 

cx 

II 

^ 

II 

II  — 
II 

II     II    00   < 

o 

1 



II 

—  n 

—  — — — ^^—  II    II  — — 

I-   1/1   K    II     11 

II 

1 

II 

<   l/l  O    II     II 

II 

rsi 

II 

U  "  <    11     II 

—  II 

O 

II  - 

II 

II    n 

II 

CM 

II 

II   II 

II 
II 

II 

If   II 

II 

II    II 

II 

O 

II 

II    II 

II 
II 

z 

II 

a.  II   II 

II 

UJ    II     11    CO 

II 

1- 

II 

z  m  II   11  <N 

II 

(X. 

11 

—  S   II    11  — 

II 

o 

II 

\j  "D  »  11  a 

II 

a. 

II 

a  z  H   11  lo 

II 

.-r 

" 

II   II 





___ 

__ 











__ 







II 

V 


494 


"^ 

10 

CO 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

O  11 

II 

UJ 

II 

z 

o 

II 
II 

K 

_l 
3 

II 
II 

UJ 

lij 

II 

01 

X  Q 

II 

o 

1- 

II 

1- 

1- 

O  UJ 

II 

< 

< 

II 

U 

01 

1  v-« 

I 

II 

a. 

Q 

II 

< 

O  UJ  o 

II 

II 

a.  u 

i  i 

to 

II 

II 

z 

II 

II 

•-< 

11 

II 

II 
II 
II 

II 

II 

O 

II 

11 

a: 

II 

II 

UJ  O 

II 

II 

1- 

II 

<o 

(O 

10 

II 

< 

cr 

II 

CS 

00 

m 

II 

Q  O 

II 

-V 

UJ 

^  Ui 

\ 

UJ 

II 

i/» 

II 

•- 

< 

—  < 

-— 

< 

II 

UJ 

z 

II 

•— 

1 

w—        1 

-— 

1 

II 

D  O 

II 

^ 

u 

^  CJ 

v« 

u 

II 

o  a 

II 

(». 

I/) 

r^  ti 

r- 

to 

II 
II 

\A 

II 
II 
II 

o 

-i 

O  -) 

o 

-> 

II 

II 

II 

o 

1 

3 

II 

II 

z  cc 

to 

i-i 

1 

X 

1           Ul     1     UJ      • 

II 

II 

I-I 

UJ 

o 

H 

1-4 

Q 

K 

o      i-H  Q  m  m 

II 

II 

t- 

K 

K 

1- 

UJ 

_l 

UJ 

1— 1 

z      >  a      u  UJ  CD  3 

II 

II 

UJ 

< 

K 

t/1 

O 

3 

_i 

I 

2 

3_'UJ<_101XUUJ 

M 

II 

_1 

K 

3  a 

a  UJ  z 

to 

UJ 

z 

U 

-j_iccO-)<Kai-i 

II 

II 

3  O 

-J 

*-t 

z 

> 

<  K  UJ 

> 

o 

ti  a 

Q 

z  <      UJ  ►-•  o      a  > 

II 

II 

a  a. 

u. 

U. 

< 

1-4 

I  1/1  (X 

UJ 

►-I 

>v    UJ 

UJ 

o  a  UJ  a  3      o      UJ 

II 

II 

UJ  a. 

H 

u  at 

-J 

to 

(T  I 

K 

o  Ul  q:           UJ  I-  m  DC 

iM 

II 

II 

X  OQ  z 

UJ 

< 

i-i 

t- 

UJ 

Ul  t- 

< 

>   <  00  UJ  I          i-i 

2 

II 

II 

O  O  UJ 

H-( 

a 

UJ 

u. 

c. 

-J 

a 

»  o 

ZO2ZOI-t0        z 

i/l 

O 

II 

II 

</)  Z  Q 

< 

UJ 

tr 

o  < 

.— * 

o 

U 

1-  O  Z        t-  _l  o 

t— » 

II 

II 

^ 

§-t 

z  to  3  cr  <  (£  a. 

I-* 

z  o 

a  Q 

o 

ZU.   —  ■<>_IUJ« 

3  1- 

II 

a 

II 

»- 

Ul 

" 

1- 

3  O  UJ  U  UJ  (T 

z  z 

1/1 

uj<oi-im3>to 

u 

II 

UJ 

II 

01 

u. 

s 

O  U. 

UJ 

1- 

U. 

EC 

UJ 

1- 

< 

<  < 

01 

o      01  <  o      (/I  Ul  UJ 

t- 

< 

II 

z  a 

II 

O  O  2  t-  O  N  U. 

a 

00  O 

£ 

< 

Z  I        Q        Q  UJ  _1  Q 

II 

o 

»-* 

II 

o 

O  Q 

1/1 

I-I 

c 

t) 

01 

>  CQ 

1- 

<   ^-  to  Z  01  Ul  CE 

< 

z 

II 

i-i 

3 

II 

to 

o 

1- 

to 

H 

. 

01 

a  to 

(/) 

Ii-ouj  —  a       _is    • 

UJ 

II 

1-  o 

II 

to  1- 

UJ 

K 

1- 

l-« 

01 

K 

UJ 

N.^ 

s 

o  o 

1- 

O3'-'SI0l-<ui'-^ 

t- 

a 

II 

u 

UJ 

II 

(/>  u 

a 

UJ 

I 

c 

a. 

Ul 

I 

I 

UJ 

-I  u 

u 

ZSK-ia-l-Q 

o 

II 

< 

IT 

II 

UJ 

< 

u. 

J  O  UJ 

3  CJ  K 

CO 

i-i 

Ul  -^ 

< 

01ZOO      uioooia 

1/1 

II 

II 

to 

a 

UJ 

u. 

C-l 

►1 

X 

O 

^-1 

u 

> 

>   UJ 

a. 

i->0>-<i_)0>Q.UJ>< 

o 

II 

11 

to 

z 

I 

3 

_J 

cc 

K 

Ul 

-J  o  a 

Ul 

UJ   _J 

s 

l«>ujzujujai/io 

UJ 

II 
II  ■ 

II 

II 

< 

'-' 

1- 

ID 

U. 

a 

o  a 

U. 

1— 

a 

a 

a  D 

t— • 

t-i-<a:'-'Qai/i~--aj 

1^ 

IT 

II 
II 

II 
II 

CD 

CD 

a. 

O 

o 

II 

II 

11 
II 

(/) 

U 

to 

Q  UJ 

II 

II 

< 

< 

1- 

II 

z 

11 

o 

o 

(/I 

< 

II 

O  1- 

11 

< 

to 

^ 

01 

\ 

to 

o 

II 

t-4 

Z 

II 

> 

< 

< 

z 

II 

r- 

Ul 

II 

1 

C3 

o 

3 

II 

U  Q 

II 

u 

*— 

O  " 

u 

(N 

II 

< 

»-1 

II 

U) 

1 

01     1 

l/l 

1 

II 
II 

II 

II 

—i 

— 

-)   (N 

"^ 

(N 

II 

II 

II 

II 

u 

II 

II 

01 

Ui 

II 

II 

< 

CC 

II 

II 

D 

II 

II 

UJ 

to 

II 

z 

II 

_l 

Ul 

II 

o 

II 

u 

UJ 

z 

II 

1-^ 

II 

t— 1 

<r 

o 

II 

1- 

II 

r 

a. 

l-t 

II 

0. 

II 

UJ 

1- 

II 

t^ 

11 

> 

O 

3 

II 

a. 

M 

z 

ffi 

II 

!-• 

u 

II 

I 

•-I 

•— 1 

II 

a 

01 

II 

o 

3 

CC 

II 

a  UJ 

11 

z 

K 

II 

01 

o 

II 

3 

h- 

L1 

II 

II 

< 

z 

1— 1 

<T 

II 

II  ' 
II 

— 

t- 

00 

t- 

II 
II 
II 

_) 

UJ 

Q 

1 

II 

< 

01 

o 

II 

O 

11 
II   ' 

_. 

u 

n 

< 

II 
II 



__, 

.,._ 

_ 

_, 

_, 

_. 

_, 

_. 

_. 



CN 


o 

z 


o 

Q. 


Cf 

UJ 

O 

Z   CD 

n 

-  S 

— 

■~J  D 

o 

Q.   Z 

(B 

495 


<T   CO 


O  CD 

z  o 

LU   UJ 
<  < 

a.  a 


II 
II 
II 

M 

II 

II 

II 

II 

II 

II    t-  (- 

II    U  I/) 


l/> 


z 

to  O 
3  t- 

o 

K   < 

<  Z 

UJ 

(-  a 
o 

1/1 
o 

lU 


0^ 

cr  o 
o 

O  UJ 

(/)  < 
o 

z 

3 


II 

II 

II 

II   - 

11 

II  — 

II 

II 

M 

n 

II 

11 

II 

II 

II 

II 

II 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


<  o 

s 


UJ 

-I 
I-  3 
I  a 
O  UJ 
-  X 
UJ  u 
5  1/1 


O 

cr 

UJ  o 

<  a 

Q  O 

LO 

UJ  Z 

Z)  o 

a  a. 

I/) 


Z  (T 

O  "- 

►-  3 

t-  o 

U  UJ 

<  a. 


II 
11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
M 
II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II  (O 


II  CO 


< 

—  z 
o 


II 
II 
II 
II 
It 
II 
II 
u 
II 
II 
II 
II 
II 
II 
II 
II 
-  u  — 
II 
II 
II 
II 

II  (O 
H  CO 
II    ^ 

II  \n 

II     CN 


II  r-  1/5 
II  o  -> 

II 
II 
II 
II 
II 


< 

II   CO  u. 

II  O  a: 

II  UJ 

II 
II 
II 

II    CO 

II  UJ  a 
II  tr  >-• 
11  a  3 


z  z 


5  u. 


II    UJ 

II  -1 
II   > 


CO  Z 
>  O    I 

to  I-  Q 
I-  <  Q 
z  cr  < 

UJ  z> 
s  tj  > 
UJ  >-•  z 

(T  U.  < 

►-  z 

3  O  UJ 
O  (J  O 

UJ  »-4 

a  K  > 

-I  o 

a  •-•  a 

UJ  =)  a 

I-  (D 

_J    I    o 

«  i/i  z 
u.  <  < 


< 

z  • 

o  oc 

I-  o 


II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

M    CO 


Z  1/1 

o  o: 

UJ 
CO  I- 

Z  -I 
o  ►- 


II  t- 
II  u 

< 
a 

z 


II 
II 
II 

II  -• 
II 

II    CO 

II  l/l 

II    UJ 

II  CO 
II  I/) 


CM 
O 


o 

Z 


c 
a. 


II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  - 

II 

II 

II 

II  ' 

II 

II 

II 

II 

II 

II 

II 

II 


II  II  

II  II 

II  II 

II  II 

II  II 

II  II  s 

Z         II  II  ^ 

OHM  II  < 

•-■  Z   II  II  C3 

f-  UJ   II  11  I 

u  Q  n  II  (J  — 

<   i-i    II  II  CO    I 

II  II  -)  — 


< 
> 


II 

II 

II 

II 

II 

II 

II 

Z   II 

O   II 

•-■  II 

I-  II 

a.  II 

i-i  II 

at  II 

►-on 

a  CO  II 

a  UJ  II 

ul  O   II 

II 
II 

V-  CO  I-  II 
<  CO  U  II 
U  -•   <    11 

II 

II 
II 
II 
II 
II 
a:  II 

UJ    II 

z  en  II 

~  S   11 

o  :3  II 

Q.  Z    II 


K  Z3 


a. 

UJ  UJ 


u.  m 


O  CO 


z  z 


II    UJ 

II 

II  z 
II  -i 
II  -I 

II    UJ  CO 

II  CO  a:  o 
II  O  UJ  •- 

II 
II 
II 
II 

II 
II 
II 

II 
II 
II 

II  m 
II  m 
II  — 
II  o 
II   (O 


II 

■  II 
II 

H 
II 
II 
II 
II 
II 
II 
II 

It    U 
II    CO 
II    —I 
-II  — 
II 
II 
II 
II 
II 
II 

n 
II 
II 
II 

II 


<  u. 

Q  O 

z 

UJ  Z 

z  o 

S  " 
O  I- 
U  "- 

UJ  a 
cr  o 

< 

UJ 

O  UJ 

"  X 

>  t- 


o  •- 

-I 

UJ  UJ 

(J  I 
cc 

Zi  I 

a  I- 
o 

U.  ffl 

o 
cr 

s  o 

<  u. 

UJ 

cr  CO 

I-   UJ 

d  u 
a  H-. 

3  U. 


O 
I    t- 
co 
>  i>i 

CO   I- 

_J 
UJ  3 
O  1/1 
q:  UJ 
3  a 
a 

I- 

Z  IT 

UJ  O 

o  a 

O  UJ 

cr  a. 


z    ■ 

CO 

O  S 
Z  UJ 
<  I- 


"  z 

o 
_l  -• 
UJ  CO 
>  UJ 

UJ  O  ' 
_l  '-- 
Z  O 
_i  UJ  o: 
<  I-  < 
i-H  CO  O 
U  >  (D 
UJ   CO 

a  ^  S 

(/I  UJ 

CO  — 

UJ   CJ    > 

X  cr  UJ 
I-  a  CE 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
■  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
It 


irt 


(-  3 
_l  -1 


I  UJ 


o 

cr 
II  UJ  o  I/) 


■Z.-Z.-Z. 


lO 

cr  Q 

UJ  — 


II 
II 

It  •-• 
II 

II  UJ 
II  CO 

It  O 

-  II 

II 

II 
It 

-  II 

II 

11 
It 

II  — 
II  (T 
II 
II  IT) 

II  en 

II  — 

II  O 

II  (O 
II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
'  It 
II 
II 
II 
II 
II 
II 
II 
II 
It 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


496 


en  tD 
«T   CD 

II 

^^ 

"^^ 

II 

■—~ 

""~ 

■^~" 

■ 

'""" 

'~^ 

'^~" 

■      " 

^^_ 



II 



"^ 

II 

II 

II 

»- 

II 

II 

II 

^ 

II 

II 

II 

•  >^ 

II 

II 

II 

o  (o 

II 

UJ 

II 

II 

z  o 

II 

II 

t- 

-1 

II 
11 

II 
II 

UJ   UJ 

II 

iA 

r  Q 

II 

II 

O  1- 

II 

1- 

t- 

(J 

UJ 

II 

II 

<  < 

II 

O  01 

1 »-« 

I 

II 

II 

a  Q 

II 

< 

O  UJ  u 

II 

II 

II 

a  u  s  01 

II 

II 

II 

z 

II 

II 

II 

HH 

II 

II 

II 
II 
II 

II 
II 
II 

II 

II 

II 

(JJ 

II 

II 

II 

q: 

II 

II 

II 

UJ  O 

II 

II 

II 

1- 

II 

(0 

(0 

II 

to 

II 

< 

(T 

II 

to 

(O 

II 

<s 

II 

Q  O 

II 

^ 

< 

^ 

< 

II 

V. 

< 

II 

01 

II 

•— 

z 

*— 

z 

II 

(C 

z 

II 

UJ 

z 

II 

F— 

1 

•— 

1 

II 

*— 

1 

II 

3  O 

II 

^^ 

(J 

^^ 

u 

II 

>v 

!-) 

II 

O 

a. 

II 

r^ 

I/) 

r» 

01 

II 

CO 

00 

II 
II 

01 

II 
II 
II 

O 

-) 

O 

-) 

II 

_    II 

o 

-5 

II 

II 

II 

II 

UJ 

1 

1 

II 

UJ 

cr   1 

II 

II 

H 

UJ 

1- 

1 

00 

1- 

Q 

1 

II 

X 

cr  O  -1 

II 

II 

< 

a 

z 

z 

u 

UJ 

X  z  z 

z 

H 

_l 

II 

1- 

Ul  u.  o  o 

II 

II 

-J 

O  UJ 

<  cr  o  o 

< 

l-H 

a. 

<  z 

> 

II 

3      a  1- 

II 

II 

o 

3  UJ 

^-1 

z 

3 

H^ 

cr 

v^ 

o 

•-4 

Ul 

/■^ 

II 

o 

o  cr  K      « 

II 

II 

I/1SXI-UJ01Q_J 

u. 

00 

a  (J  1- 

Q 

II 

1— 

a  a  Ul  z  00  1-1  z 

II 

II 

iC 

cr  1-  < 

-I 

H^ 

UJ 

u. 

z  00  UJ  UJ  00  cr 

II 

O        3  O  1-        C3 

II 

II 

O 

Nai/)uzoouja 

a. 

> 

< 

II 

UJ 

U.  O  O  U  _l   -J  4-1 

II 

II 

UJ  u.  o 

¥H 

s  >  o 

»-4 

z 

1-4 

1— t 

00  01  o 

II 

_l 

<  0.         3  UJ  01 

01 

II 

II 

X 

z 

z 

•—1 

_J 

ex 

1— 1 

H 

t- 

y.^ 

ID 

II 

< 

cr           UJ  01  >  Ul 

z 

II 

II 

1- 

• 

H^ 

< 

<  a  a  1- 

< 

1— ( 

^^ 

UJ 

II 

z 

UJ  U.  U   Z  Ul  Ul  Q 

00  o 

II 

II 

UJ  CO  o  u. 

z 

z 

-I 

cr 

>  00  I  (D 

3 

II 

O  o  o  Q  —  cr  -1 

l-H 

II 

II 

I  u  o  a  o  <  Q 

l-H 

3 

UJ 

(-4 

1- 

H 

o 

UJ 

II 

<           CJ           z 

3  H 

II 

o 

II 

H 

•-H 

Q.  O 

z 

rsi  i/i  a 

1- 

(_) 

a 

HH 

II 

1- 

Z  Ul  Z   Z  1-    -1  Ul 

o 

II 

UJ 

II 

t-t 

u.  o 

Q 

o 

< 

NH 

UJ  O  U 

< 

O 

a 

> 

II 

< 

<  01  <  UJ  (r  <  t- 

t- 

< 

II 

z 

cr 

II 

3 

u. 

cr 

UJ  o  q: 

Z 

a. 

< 

a 

K 

UJ 

II 

cr 

Z  3  X        O  -"  i/l 

II 

o 

i-i 

II 

o  a 

_i 

X 

< 

00 

1-4 

-I 

z 

1-4 

cr 

II 

(-  z  a  i_)  > 

< 

z 

II 

■D 

II 

o 

CD 

H 

M 

UJ 

z 

to 

< 

1- 

bO 

4-( 

II 

UJ  Z  h-         i-i  UJ  UJ  to 

. 

UJ 

M 

H  O 

II 

z 

> 

z 

»-H 

UJ 

< 

»-« 

»-« 

Q 

o 

U. 

1- 

z 

M 

Q 

<  z  a  <  a  Q.  — 

^-y 

(- 

a 

II 

o 

UJ 

II 

*-« 

1- 

<  01  S  X  1-  2  cr 

O  UJ 

_l 

-1  o 

II 

4— t 

cr  Ul  Ul  z       01 

Q 

o 

II 

< 

a 

II 

:^ 

UJ 

-1 

z 

(-4 

■<t 

K 

a 

Q 

3  UJ 

1— 1 

II 

> 

O  01  I                   CD 

cr 

lO 

II 

II 

(X 

u. 

a  o  Q  o 

> 

cr 

M 

t-4 

a 

3 

00 

> 

00 

II 

o 

O  Ul  1-  Ul  cr  Ul  u 

< 

Q 

II 

II 

o 

< 

a 

z 

z 

l~* 

o 

< 

cr 

3 

_l 

UJ 

UJ 

UJ 

II 

cc 

tr  a:  <  I  Ul  I  a 

o 

Ui 

II 

II  ' 
II 

II 
II 
II 

3  00 

<t 

00 

< 

1-1 

1- 

u. 

X 

o 

00 

U 

cr 

_i 

Q 

II 

a. 

a  a  cr  1-  -I  1-  CL 

(D 

•-« 

II 

cr 

II 

II 

II 

a  o 

II 

II 

II 

CJ 

II 

II 

II 

UJ 

o  Ul 

II 

II 

S 

II 

z 

1- 

II 

z 

II 

•v 

II 

01 

10 

< 

II 

O  K 

II 

< 

00 

Ul 

00 

II 

00 

i/i 

o 

II 

i-i 

z 

II 

i3 

z 

II 

1 

z 

II 

K 

UJ 

II 

1 

( 

II 

u 

3 

II 
II 
II 
II  ' 

< 

O 

II 
II 
II 
II 
II 

O 
01 

1 

u 
00 

1 

II 
II 
II 

u. 
to 

Z 

1 

II 

II 

II 

II 

z 

t—t 

to 

II 

O 

II 

II 

< 

K 

UJ 

II 

a 

II 

II 

< 

t~< 

II 

II 

II 

Q 

CC 

1- 

II 

q: 

II 

II 

cr 

UJ 

t~< 

II 

UJ 

II 

z 

II 

<. 

a 

> 

11 

_i 

II 

o 

II 

N  O 

*-l 

II 

_j 

II 

»-l 

II 

< 

H 

II 

o 

II 

K 

II 

X  cr  (J 

II 

a 

II 

a 

II 

o  < 

II 

1— 

II 

i-t 

II 

Q 

u. 

II 

z 

II 

cc 

II 

UJ 

1- 

II 

o 

II 

^-1 

o 

II 

u 

l/l 

a 

II 

u 

II 

£X 

01 

II 

z 

1— 1 

01 

II 

II 

O 

UJ 

II 

< 

01 

\ 

II 

UJ 

II 

01 

a 

II 

I 

> 

l/l 

II 

z 

cr 

II 

II 

z 

_J 

z 

II 

to 

Ul 

II 

II  • 
II 

II 
1) 

UJ 

< 

o 

II 

^ 

5 

T 

1- 

01 

K 

II 

II 

1- 

II 

< 

01 

<_) 

II 

II 

o 

II 

o 

»-« 

< 

II 
II 
II 

II 

II 

II 

(M 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

II 

II 

II 

z 

II 

H 

cr 

UJ 

II 
II 

r» 

II 
II 

Ul 

t- 

II 

z 

10 

II 

CD 

II 

t 

□: 

II 

•— • 

s 

II 

<— 

II 

V- 

o 

II 

(_) 

3 

II 

o 

II 

o 

a 

II 

a. 

z 

II 

U3 

II 

U3 

a 

_, 



,__ 

.^. 

II 

^_, 

_, 

_. 

_, 

_. 

_, 

_, 

_. 

_. 

II 



497 


^   CD 

II 

■^ 

*^^ 

II 

"^ 

'^~ 

'"^ 

"^~' 

^~""' 

^— - 

'"^ 



II 

'""■ 



V. 

II 

II 

II 

^ 

II 

II 

II 

^ 

11 

II 

II 

•  ^ 

M 

II 

II 

O  CO 

II 

UJ 

II 

II 

z  o 

II 
II 

1- 

-1 

II 
II 

II 
II 

UJ  at 

II 

1/) 

r  Q 

II 

II 

(J  (- 

II 

K 

H 

'  u  UJ 

II 

II 

<  < 

M 

O 

(/ 

1    l-H 

I 

II 

II 

a.  a 

II 
II 

<  O  UJ  o 

a  o  2  i/i 

II 
II 

II 
II 

II 

s 

II 

II 

II 

l-l 

II 

II 

II 
II 
II 

It 
II 
II 

II 

II 

M 

CJ 

II 

II 

II 

a 

II 

II 

II 

UJ    O 

II 

II 

II 

y- 

II 

(O 

(0 

II 

CO 

II 

< 

a 

II 

CO 

IS 

II 

00 

II 

o  o 

II 

^ 

< 

>. 

< 

II 

^ 

< 

• 

II 

(A 

II 

(0 

z 

(0  z 

II 

(0 

z 

II 

UJ 

z 

II 

^ 

1 

1 

II 

1 

II 

3  O 

II 

>v  o 

>« 

u 

II 

'^ 

u 

II 

Q  a 

II 

(O  00 

(O  00 

II 

CO  00 

II 
II 

I/) 

II 
II 

o 

-> 

o 

-) 

II 

—  II 

o 

~) 

II 

II 

II 

II 

II 

tj 

z 

II 

II 

II 

z 

hH 

II 

UJ 

00 

II 

II 

t— 1 

< 

z 

X 

-1 

II 

I  o 

U         _l 

II 

II 

I/) 

z 

UJ  OD  S 

NM 

1- 

< 

z 

. 

II 

UJ 

K 

1- 

"        <  Z     • 

II 

II 

a 

r  u  UJ 

< 

1-4 

»-* 

UJ 

-— » 

II 

r 

Z  1-  -  UJ-^ 

II 

II 

(N 

1- 

(X 

H-l 

Z  3 

<j 

1— 

Q 

II 

1- 

z 

UJ 

<  tr  u  1-  Q 

II 

II 

u. 

a  > 

UL 

UJ 

00 

o: 

II 

< 

-1  o 

a  z  o  UJ  10  (T 

II 

II 

o 

2C 

a 

o 

UJ 

O  CM 

(T 

1- 

a 

> 

< 

II 

u. 

X  (D  tr 

z  >  a  a  >  <  . 

II 

II 

U 

UJ 

1- 

HH 

a 

UJ 

<r 

00 

00 

o 

II 

O  K 

•-H    l-t 

►1  Q  UJ  (/)  00  o 

1/0 

II 

II 

01  O 

-1 

1— « 

00 

2£ 

-1  O 

^^ 

CO 

II 

t-  ID 

Q  o  tr       — (D 

z 

II 

II 

1- 

-I 

-1 

01 

z 

1- 

(J 

-1  a 

UJ 

II 

00 

a 

a. 

3  cr      UJ 

I/)  o 

II 

II 

<_l  03  O  K 

_1  t3 

o  o  o  UJ 

I  CD 

3 

II 

K  UJ  UJ  O 

-1  UJ        X  CQ  3 

I-* 

II 

II 

< 

cr 

-J 

UJ 

•-« 

< 

-J 

IT 

cr 

t- 

o 

UJ 

M 

tr 

X  CJ  1- 

U   <      ■  1-  CJ  UJ 

3 

1- 

II 

Q 

II 

a 

z 

1- 

3 

>  00 

a 

CO  1- 

tr 

•-« 

II 

< 

(- 

00 

z      -I      tr  " 

u 

II 

UJ 

11 

z 

•-* 

z 

01 

UJ 

UJ 

z 

z 

o 

Q. 

> 

II 

a 

o 

3  UJ 

•-  z  o  o  a  > 

t- 

< 

II 

z 

(T 

II 

l-l 

o 

UJ 

-1  o 

t— « 

o  o 

• 

1- 

UJ 

II 

1/5  3 

o  a:  1-      UJ 

II 

o 

•-• 

II 

a 

<_) 

(T 

z 

tj 

cr 

<— 1 

tr 

II 

> 

• 

Q 

K      i-i  tr 

< 

z 

M 

»— 1 

Z) 

II 

UJ 

UJ 

-1  z 

UJ 

t-l 

UJ 

00 

1— 1 

II 

u. 

UJ 

00  00  Z  i/>  •-• 

HI 

II 

1-  a 

II 

Q 

3 

UJ 

1- 

< 

UJ 

^-N 

o 

> 

UJ 

3 

1- 

z 

II 

1— t 

_l 

3  UJ  1-  1-  O  H          Z 

1- 

a 

II 

o 

UJ 

II 

»-« 

O 

z 

oc 

1^ 

t- 

Q 

HH 

-I 

z  o 

_l 

-1  o 

II 

1- 

CJ  O  O 

CJ  <J  U   _1   _l  C3 

o 

II 

< 

a 

II 

> 

0. 

►-» 

O  <J  00  (T 

>  a 

t—t 

a 

3 

UJ 

t-i 

II 

z 

Q  < 

<  UJ         3  UJ  ►- 

i/i 

II 

II 

O 

C3 

d 

UJ 

> 

< 

o  a 

o 

00 

> 

00 

II 

UJ 

X 

z  z 

Q.  U.  Q  OO    >  l/l 

Q 

II 

II 

tr 

o 

z 

UJ  a  00  o 

tr 

3 

z 

u 

UJ 

UJ 

UJ 

II 

O  UJ 

—  < 

Z  u.  z  UJ  UJ  UJ 

UJ 
M 

II 
II   ■ 

II 
1) 

Q. 

o 

UJ 

cr 

00 

^^ 

o 

a 

00 

UJ  a 

tr 

_l 

Q 

II 

— 

> 

3  a 

-•  UJ  <  cr  _i  Q 

»-i 

*-• 

II 
II 

II 
II 

II 
II 

a 

o 

II 
II 

II 

II 

UJ 

II 
II 

O  UJ 

II 

II 

s 

II 

1- 

II 

z 

It 

oo 

II 

1/1 

< 

II 

O  1- 

II 

1/) 

00 

< 

Ol 

II 

< 

00 

u 

II 

t-» 

z 

II 

1 

> 

II 

> 

z 

II 

1- 

UJ 

II 

o 

1 

II 

1 

3 

II 

U  Q 

II 

u. 

^ 

CJ 

^ 

II 

u 

r- 

II 

< 

1-^ 

II 

1/1 

1 

(/> 

1 

II 

OO 

1 

II 

II  - 

II 
II 

z 

CM 

->  CO 

II 

-3 

(N 

II 

II 

II 

II 

II 

II 

r 

K 

II 

II 

II 

00 

-1 

u 

li 

II 

M 

o 

< 

< 

II 

II 

II 

z 

z 

a 

II 

II 

II 

a 

z 

II 

z 

II 

II 

3  UJ 

II 

o 

II 

II 

I 

II 

■-N 

II 

II 

(D  1- 

G 

II 

1- 

II 

II 

tr 

ac 

II 

Q. 

II 

II 

o  o 

II 

H^ 

II 

M 

1- 

o 

II 

at 

II 

II 

u. 

"^ 

II 

i~« 

<_> 

II 

II 

O  UJ 

00 

II 

BC 

>/i 

II 

II 

3 

OO 

II 

3  UJ 

II 

II 

00  Q 

HI 

II 

>yi 

Q 

II 

II 

00 

(X 

II 

II 

II 

O 

a 

1- 

II 
II  ' 

II 

II 

_l 

-I 

UO 

1 

II 

II 

1- 
< 

1- 

II 
II 

II 
II 

o 

II 
II  ■ 

u 

" 

< 

11 

ri 

II 

II 

II 

II 

CM 

II 
II 
II 

II 
II 
M 

II 
II 
II 

O 

II 

II 

II 

z 

II 
II 

IZ 

UJ 

II 
II 

in 

II 
II 

CO 

)- 

II 

z 

CD 

II 

^ 

II 

^ 

cc 

II 

*^ 

2 

II 

— 

II 

c 

ii 

o 

3 

II 

o 

II 

o 

a 

II 

a 

2 

II 

10 

II 

CO 

;1 

„_ 



II 

^_ 

_, 

_ 





_, 

_, 

II 

498 


in  to 

1  (D 


O  CD 

Z  O 

UJ  111 

<  < 

a.  a 


II 

II 

II 

II 

II 

II 

II 

II 

II  (/> 

II  I- 


1/1 

z 

i/l  O 

t—t 
3  K 

(_) 
I-  < 

<  z 

UJ 

H  a 
o 

Q 
UJ 
tsl 

q: 
cr  o 

o 

O   UJ 

I- 

l/l  < 

u 


o 

— 

CM 

o 

z 

1- 

q: 

C 

a 

UJ 

_l 
I-  3 
X  Q 
I-  O  UJ 
{/)>-)  X 
O  UJ  u 
u  5  i/> 


O 

(X 

UJ  O 

f- 
<  a. 

Q  O 

Ul  Z 
3  O 

Q  a 
(/> 


o 

UJ 

z  a 

o  •- 

K  O 
U  UJ 
<  (T 


z 

O  I- 

-"  z 

t-  Ul 

O  Q 

<  >-i 


1/1  Q   II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 

II  (O 
II  CO 

II  ^  < 
II  (O  z 

II  —  I 
II  ^  o 
II  (O  (/I 

no-) 

II 

II 
II 
11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 
II 
II 
II  <   I 

II  UJ 

II  I 

II  (_)  CN 
II  1/1  I 
11  -)  CM 

II 

II 
II 
II 
II 
II 
II 

n 
II 
II 
II 
II 
II 
II 
II 
II 
II 


CD 
^  < 

(O  z 

■^  o 

(O  (/I 

o  -> 


(O 

~^  < 

(O  z 

—  I 

^  o 

<0  1/1 

O  -I 


I 
o 

>  X 

o  UJ 
a  z 
a  o 

z 
u. 
o  o 

UJ 

u  z 

<  UJ 

a  s 

z  z 

i-i  o 

o 

1/1  UJ 

(/I  a 

UJ 

(/I  o 
1/1  z 

<  •-• 


(T  > 
UJ  < 
Z  -I 

•-I  a 

<  I/) 

z  o 
o 

U  Q. 

Z  O 
UJ  < 

S  UJ 

o  z 

< 

a  X 
u.  u 

< 

1/1  UJ 

(/I 

<  QC 

-1  o 
O  u. 


O 

Z       •  UJ 

►-•(/>  I 

Q  I-  I- 
3  Z 

-J  UJ  O 

0  S  I- 
Z  UJ 

►H  a  i/i 

3  -I 

•  O  3 

I-   Ul  (/I 

•I  cr  UJ 

Z  £E 
3  UJ 

O  I- 

-« <  a 

Q  a  o 

3  o  a 

1  I-  UJ 
^  l/l  QC 


o  3 

(J  UJ 

a.  <- 

a.  > 

ill 

1-^ 

z 
_)  a 

UJ  •-■ 

>  1/1 

ul  UJ 
-I  Q 


<  UJ  '^ 

—  I-  Q 

o  lo  tr 

UJ  >  < 

Q.  1/1  O 

1/1  ^-  CD 


I  I- 

<  UJ  «-■ 

QC  >  Z 

UJ  1-1  3 

a  I- 

O  U  Q 

Ul  Ul  3 

O  UJ  I-  I 

«  z  o 

u.  i->  a  X 

I-  _i  a  (J 

U  UJ  < 

UJ  a  <  UJ 

a.  ►- 

on  3  o  a 

o  z  o 

UJ  i-H  U. 

Q  -J  Q 

.-.  <  a:  cr 

>  Z  <  Ul 

o  o  o  > 

CE  -•  UJ  O 

Q.  I-  a  u 


< 
> 

I 
(J  — 

W1    I 


< 
o 
I 
u 


UJ  UJ 

I-  I 

I-  I- 
< 

I  z 

If)    l-H 

U.  Ul 
O  Ul 

< 

UJ 

U  O 

z 

UJ  Ul 

u)  _i  a 

UJ  (D  UJ 


_1 

3 
Q 

o 

s 


II  o:  <  a: 

II    Q.  QC  U 

1-   U)  1-    II 
<   Ul  O    II 
U  -I  4    II 

tr 

UJ 
Z  CD 

«  2    II    - 


II 
II 
II 
II 
II 
II 

II   (O 
II    T 


II   ID 


r^ 

«J 

^ 

o 

lO 

499 


IC  CO 
^   33 


O  00 

z 

o 

UJ 

tU 

o 

K 

< 

< 

a 

o 

II 
II 
II 
II 
II 
II 
II 
II 
II  l/l 

II    K 
II    U 

II    < 


II    f 

II  : 

II  • 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  ■ 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

1/1  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

a  II 

UJ  II 

N  II 

i-i  i-i  II 

(Z  II 

K  O  II 

13  II 

3  UJ  II 

I-  II 
i/i  < 

U 

z 

3 


UJ 

_l 
I-  D 
X  Q 
I-  (J  UJ 
1/1  -  I 
O  UJ  u 
U   S  1/1 


Z 
I/)  o 

O  I- 

u 

t-  < 

<  z 

UJ 

h-  Q. 

o 


O 


[M 


O 

z 


D 

a. 


II 


II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


II 
II 
II 
II 
II    <S) 

II  a> 
II 

1/1  II   10 

Ul   Z    II    ^     I 

3  O  11  ^  o 

O  0.   II   <0  1/1 

1/1  II  o  -J 


o 

LU  o 

I- 

<  a 
Q  o 


z 


(O 

CO 

^  < 

10  z 

^  o 

(O  1/1 
O  -1 


(O 
03 

^  < 

Ifl  > 
—    I 

^  u 

m  (A 

O  -5 


o 

UJ 
Z  IT 

O  --I 

—  o 
I-  o 

U  UJ 

<  a 


z 

O  I- 

—  z 

I-  UJ 
U  Q 

<  I-I 


Z 

I-  z  o 
a  UJ  a 
ui  O  u. 
u  o 
z  K  t- 
o  Q  -I 
o  > 

X  o 
z      z 

O  O  •-" 

z  z  > 

►-I  »-•  o 

I-  1-  z 

a  u  UJ 

O  UJ  (T 

I- 

UJ  UJ   (X 

zoo 

U.  (T  O 
UI  O  Z 
O  u.  < 


UI 
UJ  Q 
(J  »^ 
<  > 

-I  o 
UJ  a 
t/i  a 

3 


Z  Z 
UJ 

ac  o 

UJ  1/1 
H-  UJ 
H-  Q 

o 

O  Z 

UJ  (r 
X  3 
I-  Q 


UJ  m  3 

I  u  UJ 

k-  a  <- 

a.  > 

o      UI 

K  —  a 

z      z 

O  -I  o 

I-I  UJ  )-H 
H  >  t/1 
<  UJ  UJ 
Q  -I  O 

Z 

UJ  -I  Z  ■ 
5  <  UI  -^ 
Z  «  I-  Q 

o  o  1/1  a 

tj  UI  >  < 
UJ  Q.  1/1  o 

Q^  i/1  s^  CD 


II  z 

II  UJ 

II  -I 

II  a 

II  z 

II  "- 
II 

II  UJ 

II  o 

II  •-• 


I 

UJ 

(T 

a. 

UJ 

o  u. 
cr  o 

O  - 
00  > 
UJ  Z 

a  < 

Q  U. 
Z  I- 

< 

(/)  01 

3  UJ 

I-  ■D 

<  ;/! 

I-    01 

lyi  i-i 


Z   K 

uj  a 
z  o 
I-  a. 

CC  UJ 

<  q: 

a. 
z 

o  • 

(J  1/1 

z 

5  o 

UJ   1^ 

CC  \- 

(j  < 

o 

o  - 

UJ  u. 

I-  — 

Z  Q 

UJ  O 

i/i  Z 


UJ 

>  z 

UJ  O 

_l  l-l 

1/1 

-I  UI 

<  O 

U  Z 
UI  UJ      ■ 

a  I-  '^ 

1/1  1/1  Q 

>  CC 

O  1/1  < 

I-   wO 

ID 

I-   U   S 

-I  q:  UI 
3  a  — 

00         > 

Uj    »    UI 

a  -H  q: 


< 
z 

(J  — 

00     I 


< 

UJ 


1_)   tN 
1/1     I 


< 
II    > 

II      I 

II  o  — 
II  1/1   I 

II  -1  >- 


q: 
—  u 
a  00 
O  Ui 
00  Q 


II 

II  Z 


<  1/1 

_l  3 
3  U. 
Z  O 

3  I- 
U  Z 
U 

<  UI 
I 

Z  t- 
ul 

o  z 

o  •- 
a:      UJ 

Q  Z  CJ 

>  o  < 

X  I-  -I 


II 

z 

II 

UJ 

II 

z 

II 

1— 

II 

a 

II 

< 

II 

a 

11 
tl 

z 
o 

II 

1_) 

II 

II 

■5 

II 

UI 

00 

II 

CC 

Q 

II 

'^ 

O 

(-  1/1  t-  II 

<  1/1  U  II 
!_)  -I  <  II 
II 

II 

II 

II 

II 

II 

(T    II 
UJ    II    01 

Z  ID    II    ^ 

-  Z 

U  3 
Q.  Z 


II    O 
II   10 


II 

It 

II 

<rt 

f 

(N 

O 

(0 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 
■  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
-  II 
II 


500 


fs.    (0 

T  CO 

M 

■ 

II 

■ 

^ 

II 

II 

^ 

II 

II 

r- 

II 

II 

•    ^ 

II 

II 

o  a) 

II 

UJ 

II 

z  o 

II 

II 

1- 

_l 
3 

II 
II 

lU  111 

II 

1/1 

r  Q 

II 

(J  1- 

II 

1-  t-  a  UJ 

II 

<  < 

11 

u 

(/) 

»-* 

r 

II 

a  o 

M 

< 

o  lu  <J 

II 

M 
II 

a 

s 

<-i 

s 

1/1 

II 
II 

II 

II 

II 
II 
II 

II 
II 
II 

II 

o 

II 

II 

oe 

II 

II 

UJ  O 

II 

II 

H 

II 

(D 

(O 

(0 

II 

< 

a 

II 

OO 

(S 

00 

II 

Q  O 

II 

^  < 

^  < 

^  < 

II 

1/1 

II 

irt  > 

If)  > 

tf)  > 

II 

UJ 

z 

II 

r~       1 

—  1 

^     1 

II 

II 

3  O 

II 

■^  u 

^  tj 

^  u 

II 

II 

Q  a. 

II 

CD  (/I 

CO  1/1 

00  00 

II 

II 
II 
II 

1/1 

II 
II 
II 

O  -J 

O  -) 

o  -> 

II 
—  II 

II 

II 

II 

1     1 

II 

II 

II 

a  1 

00 

Q  »-i          01  i-i 

II 

II 

II 

Z    1 

z  o  z 

1-       -1 

cr  -I  o  1-  — 

II 

II 

II 

o  z  a 

UJ  CO  2 

o  u.  o 

O        «t  Z     ■ 

00  <  z  Z  _) 

II 

11 

II 

■-•   IX   111 

r  o  uj 

>-■      (_) 

<  I-  «  UJ  -^ 

3  O  <  '-  3  _I 

II 

II 

II 

1-       ►-• 

1- 

cr 

»-^ 

1-  UJ  »» 

a  a  o  1-  Q 

H-   UJ  UJ  CO  00  UJ  z 

II 

II 

II 

<    -> 

a. 

> 

<-i(/)azoujoocr 

<  cr  _i  00  UJ  >  o 

II 

11 

II 

1-  UJ  UJ 

• 

o 

UJ 

K  3  •- 

UJ 

■-  a  a  >  < 

(_         (J  UJ  QC   UI  "- 

II 

II 

II 

z  -1  cr 

cr 

1- 

¥-* 

cr 

z  o  a  1- 

UJ  00  LO  o 

00  00         U          -1  00 

II 

10 

II 

II 

UJ  3 

UJ 

H4 

UJ  UJ  (D 

< 

a  cr      ^  CD 

Z  UJ  O  1-        UJ 

II 

z 

II 

II 

z  o  z  m  (/> 

z 

Z  Z  UJ  _l  O       UJ 

Q  O  -1  a  cr  -I  Q    • 

II 

(/)  o 

II 

II 

UJ  Ul  O  (D  K  -1  O 

UJ  U  O  UJ 

-1        I  (D  2 

z  ►-  3  a  o  <      '- 

II 

»^ 

II 

II 

-J  I  -1 

3 

-1 

UJ 

^^ 

_l  00 

cr 

UJ      ■  1-  CJ  UJ 

<  (-  Q      a  -1  2  Q 

II 

D  t- 

II 

o 

II 

a  o  1/1 

a 

3  >  m 

a      UJ 

>  Q      a  « 

(_)  o  o  UJ  (_)  UJ  cc 

II 

<_) 

II 

UJ 

II 

S  (/I  UJ  O  1/1  UJ  UJ 

Z  O  -J 

z 

ui  UJ  o  a  > 

><Sziruji-< 

II 

H 

4 

II 

z 

a 

II 

•-•         O  1/1  UJ 

-1  Q 

•-Z30C3ai-        UJ 

u.          i-H      a  00  o 

II 

II 

o 

1-^ 

II 

Q 

a 

<  o 

l-H 

►-      « a 

•-  00  s  cr       00  >  CD 

II 

< 

Z 

II 

»-* 

3 

II 

UJ  z  (J  cr 

_l 

s 

UJ         O  1- 

3  00  « 

H  3  UI  3      •         OO 

II 

LU 

II 

1- 

O 

II 

Q  <  z 

•-< 

t- 

< 

UJ 

^-> 

Q  00  Z 

< 

•  OH        z 

zocrc3uuj--s 

II 

1- 

a 

II 

u 

UJ 

II 

»-<      t-« 

< 

(T 

»-« 

1- 

o 

—  3 

z 

00  UJ  -I  -I  O 

uj  »-•  o       00  X       UJ 

II 

o 

II 

< 

QC 

II 

>  Z  Q 

O  U  to  (T 

>  1-  s 

t—l 

Z  q:  3  UJ  " 

Q  >        OO  :i  1-  ID  — 

II 

(/> 

II 

II 

o  <  3  tr 

a 

UJ 

> 

< 

O  <  UJ 

Z 

UJ          00   >   1/1 

►-.  UJ  O  00             u  > 

II 

Q 

II 

II 

cr_i_ioujawio 

a  1-  cr 

<t 

1-   CO  UJ   UJ  UJ 

ujazuji-octuj 

II 

UJ 
IS) 

II 
II 
II 

II 
II 
II 

Q.  a  o 

u. 

IT 

1/1 

^ 

m 

a  1/1  u 

1- 

«-  <  q:  _J  Q 

era  —  z<i-aQ: 

II 
—  II 

_ 

II 

q: 

II 

II 

II 

cc 

o 
o 

II 
II 

11 
II 

II 
II 

a 

UJ 

K 

II 
II 

z 

II 
II 

11 
II 

i/i 

< 

II 

O  K 

II 

< 

t/1 

< 

00 

<                   OO 

II 

U 

II 

z 

II 

> 

> 

> 

II 

z 

II 

K 

UJ 

II 

1 

1 

1 

II 

3 

II 

O  Q 

II 

o  •- 

<j  — 

u  — 

II 

II 

< 

•-« 

II 

i/i  1 

1/1  1 

oi    1 

II 

II 
II 
II 

II 
II 
II 

-J  — 

->  CM 

-)  m 

II 
—  II 

II 

H 

II 

II 

II 

II 

i/i 

II 

II 

II 

*-i 

II 

II 

II 

a 

II 

II 

II 

o 

II 

II 

z 

II 

UJ 

II 

n 

o 

II 

Q 

II 

II 

II 

II 

II 

1- 

II 

Z 

II 

II 

a 

II 

II 

II 

v-« 

II 

ID  00 

II 

II 

cr 

II 

<  Z 

II 

II 

•-« 

(_i 

II 

u  a 

II 

II 

cc 

1/1 

II 

UJ 

II 

II 

Q 

UJ 

II 

s  <-> 

II 

II 

00  Q 

II 

UJ  z 

II 

II 

II 

cr  o 

II 

II 

II 

<_>  u 

11 

—  II 

1 

II 
II 
II 

1- 
< 

00 
00 

1- 

II 
II 

II 

II 

II 

O 

II 
II 
II 

tj 

1  •-* 

< 

II 
II 
II 

II 
—  II 

II 

(SI 

II 
II 
II 

II 
II 
II 

II 
II 
II 

O 

II 

II 

II 

z 

II 

II 

cr 

UJ 

II 
II 

t 

II 
II 

i— 

II 

2 

03 

II 

T 

II 

cr 

II 

f-t 

s 

II 

CM 

II 

o 

11 

o 

3 

II 

O 

II 

a 

1) 

a 

Z 

II 

■o 

II 

LU 

ti 

i| 

' 

.-^ 

— 

~— 

■— 

■  ^ 

■— 

.— 

■— 

—  - 

— 

— 

. -^ — ^_. — — - 

— -^^— -^^— ____^  — 

—  — 

501 


CO  <a 

1   CD 


o 

CD 

z 

o 

LU 

UJ 

o 

t— 

4 

< 

a. 

Q 

II 
II 
II 
II 

II 

II 
II 
II 

M  LO 
11  I- 
II    U 


II    ' 
II    I 

II  : 

II  < 

II 

II  - 

II 

II 

II 

II 

II 

H 

II 

II 

II 

II 

II 

II 

II   ' 

II 

II 

II 

II 

II 

II 

II 

II 

II 


UJ 

_J 

X  o 

I-  (J  UJ 

i/l  •-•  X 
O  UJ  o 
U  5  1/1 


z 
lyi  o 


a 
o 


O    II 

UJ     II 
N    II 


cr  11 

tx  o  II 

(J  II 

a  UJ  II 

t-  11 

i/i  <  II 

U  II 

Z  II 

3  II 


—  II 

II 

o  II 


cr 

UJ  o 


<  IT 
Q  O 


UJ  Z 
3  O 


II 

II 

II  p-  l/l 

II    O)  -I 

II  -^  > 


>-  u. 

< 


Q    Q.     II  (SI   LO 

1/1    II  O   3 

II 

II 


r-- 

(/I 

(B 

_l 

•^ 

> 

in 

1 

•— 

u. 

^ 

< 

IN 

(/) 

O 

3 

^^ 

> 

in 

1 

•— 

U. 

^ 

< 

(N 

1/1 

o 

13 

r^ 

1/1 

CD 

_l 

^ 

> 

in 

1 

•— 

U. 

^ 

< 

(N 

1/1 

O 

3 

r^ 

(/I 

03 

_l 

^* 

> 

in 

1 

^- 

U. 

^ 

< 

<M 

l>0 

o 

3 

C5 

Z 

> 

< 
X  Q 

z 


II    Qi  l/l   < 


z  q: 

o  >- 

I-  or 

!_>  Ul 

<  oc 


<  UJ 

M  •-  Q 

<  O  UJ 
X  3  5 

(-  cr 

CD  l/l  O 

cr      u- 

l/l  1/1  cc 


I  cr 

X  o 
s  z 

(— * 

UJ  Q 
1/1  Z) 

O  -I 

X  u 

f-  z 


UJ  1/1  CL 

z  > 

II    —  _l  z 

II    U.  <  UJ 

11    UJ  Z  Ul 

Q  <  m 


II 


«  Z  1/1 

I-  — • 

z  < 

UJ  £ 

CD  UJ 

—  cr 


<  S     • 

I-   —  UJ  '- 

cr  o  I-  Q 

o  UJ  1/1  a 

-  a  a  >  < 

(_)  UJ  1/1  </)  o 

5  a  -'in 

U.  UJ 

X  ID  J 

od      •  I-  U  UJ 

I/)      a  -1 

_J  _l  O  Q.  > 

UJ  >  I-  UJ 

UJ  ►-■  cr 

I-  Q  i>n  « 

Z  I-  z 

<  _l  -I  o 

3  UJ  •-" 

aj  u  1/1  >  i/i 
cr  00  UJ  UJ  UJ 
i/i  a:  cr  -I  Q 


z 

O  I- 

—  z 


II 

II 
11 
II 
II 
II 
II 

11    UJ 

II  I- 


U  Q    11    U  — 


II  -)  — 
II 

II 

II  < 

II  z 

II  < 

II 

II  o 

z  II  q:  l/l 

O    II  <  UJ 

►-.   11  rsi  •-• 

I-    II  <  Q 

Q.    11  I  D 
«   II         I- 

(X    M  CD  1/1 

>-i  i_)  11  cr 

cr  oo  II  1/1  l/l 

Q   UJ    II  -t 

l/l   Q    II  I/)  l/l 


o 

cr 

i>i 

I_! 

u. 

r< 

1/1 

1 

S 

— 

< 

C3 


O  CO 

1/1  I 


l/l 
> 


<  V 

10    I 

3  — 


s 

u  in 
1/1  1 
3e  — 

11 

_1 

> 

II 

> 

_l                                                                                         

1— 

i>n 

1— 

11 

4 

i>n 

i_) 

II 

U 

— 

4 

11 
11 

_ 

rM 

11 
II 
11 
II 

11 
II 
11 
II 

O 

11 

It 

7 

II 

cr 

II 

UJ 

11 

(SI 

11 

Z 

m 

II 

to 

T 

11 

^ 

s 

11 

(N 

~1 

11 

o 

J 

ll 

o 

3. 

11 

a 

z 

11 

iD 

11  II 
II  II 
II  II 
11  II 
11  II 
II  II 
II  II 
II  II 
11  II 
II  II 
II  II 
11  II 
11  II 
II  II 
II  II 
II  II 
II  II 
11  II 
II  II 
II  II 
II  II 
11  II 
II  II 
II  II 
II  II 
11  II 
II  II 
11  11 

-  II  II 
II  II 
11  11 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 

-  II  II 
II  II 
II  II 
11  II 
II  II 
II  II 
II  II 
II  II 
11  11 
11  II 
II  II 
II  II 
II  II 

-  II  II 
II  II 
II  II 
II  II 
II  11 
II  II 
II  II 
ii  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
11  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 

II  M 

II  II 

II  II 

ll  11 


502 


CO 


eJ 


CO 

o 


a 


§ 


503 


— 

CD 





— 

— 

— 

— 



— 

— 

— 

— 

"^^^■^ 

._ 

— 

■ 

■ 

■ 

■ 

II 

CO 
O  00 

II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
lij  II 

II 
II 
II 
II 
II 
II 
II 

II 
11 
II 
II 
II 

II 

z 

o 

II 

_i  II 

11 
II 
II 
II 
It 
II 
11 
II 

II 

K  3   II 

UJ 

UJ 

II    (/I 

r  Q  11 

II 

o 

1- 

II  1-  t-  O  UJ   II 

II 

< 

< 

II   u 

lO  i-i  X   11 

II 

a. 

Q 

II  < 

O  UJ  U    II 

II 

II  a  u  3  (/)  II 

II 

II  S 

II 

II 

II      M 

II 

II 

II 

II 

— 

— 

— 



II 
—  It  ^— — • 



11 

-  II 

II    

II 

II 

II 

II 

II 

CJ   II 

II 

11 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

cr  II 

II 

• 

II 

UJ  O   II 

It 

II 

K           II    (fl 

11   lO 

II 

<  (T    II    CD 

II    Q 

II 

Q  O   11   ^  S 

II   ^  2 

II 

00  II  0)  < 

II    CM   < 

II 

UJ  Z   II   —    1 

II    —     1 

II 

3  O    11   ~v  U 

II    ^  O 

II 

o  a  11  in  bo 

II   (0  (/) 

II 

U1  II  o  -> 

II    O  -5 
_   It  _^. 



II 

-  11 

II    

II 
11 

11 

11            t    h- 

3 

UJ 

II 
II 

1- 

1 

II 
II 

II 

11        2  1/) 

O 

1 

I 

^ 

II           UJ 

-1 

UJ 

*-< 

o 

1 

It 

II 

II       a:  111 

-J  Q  1-  K 

-1 

II       1- 

o 

-I 

z 

K 

UJ 

11 

II 

II         O  1- 

UJ 

U. 

3 

cr 

<  Z 

> 

II    UJ   >-• 

CJ 

cr 

t- 

< 

tr 

II 

II 

11  a  u. 

X 

-1  Q  O 

►H 

UJ 

,— V 

Z 

a 

II   -J  X 

z 

1- 

■D 

z 

C/1 

!-• 

11 

il 

11  z  a  H 

1- 

CM 

ozauKQujo 

II  u  3 

»-l 

z 

O 

H 

»^ 

z 

II 

II 

II    <   UJ  (J 

a 

z 

< 

ui  UJ  uo  cr  III  O 

It  1-1 

1- 

o 

3 

_l 

13 

11 

II 

II       a  <  _ 

z  c3 

•-^ 

cr 

a. 

> 

< 

CD  UJ 

II  1-  1- 

oo  o  o  o 

3 

_l 

t^ 

11 

II 

11   UJ        0.  o 

(/) 

00  00  o 

1- 

11  cr  < 

t-H 

z 

-1 

00  Ul 

lO 

II 

i/) 

II 

II  -1  u.  S 

z 

• 

UJ 

>^ 

(Q 

00 

< 

11  < 

X 

3 

*— 

u. 

UJ   " 

> 

UJ 

II 

2 

It 

II  3  o  ►-• 

00  (J  (/)  Z 

. 

UJ 

< 

o 

It  a  c3  UJ 

o  o 

cr 

UJ  a 

11 

LO   O 

II 

II   Q 

O 

t^ 

UJ 

1^ 

C3  I  in  3  I 

11        z 

_l 

ZD 

UJ 

-1 

11 

II 

II    UJ  (/]  UJ 

z 

00 

> 

-1 

-I 

H 

(J  UJ 

< 

II    X  -1 

UJ 

u. 

_l 

1 1- 

Z 

' 

II 

3   t— 

II 

Q    11   I  1-  -I 

< 

UJ 

-1 

o 

cr 

t— 1 

Z 

II  1-  1- 

I 

U 

1-  " 

z 

-1 

UJ 

''^ 

II 

o 

II 

UJ    11    U  O  U  I/I  Q 

< 

H 

u. 

o  a 

>  O  Q 

II  i-i  i/i 

K 

CM 

z 

o 

< 

1- 

O 

*" 

II 

y~-  < 

II 

z  q:  11  i/i  <  "-i 

>  UJ 

»M 

K 

UJ 

»-t 

UJ 

It   3  UJ 

O 

•-• 

a 

a. 

»-• 

OO 

tr 

II 

II 

O  •-•  11       Q-  1- 

UJ  cS 

-J 

z 

HH 

cr 

K 

1- 

11          K 

z 

o 

z 

UJ 

u 

> 

< 

> 

II 

<  Q 

II 

•-•  3  II  111  z  q: 

1- 

z 

_l 

H 

< 

00 

l-< 

U 

< 

II   O 

o 

• 

< 

cr 

UJ 

uo 

O  cr 

II 

UJ 

II 

1-  O  II  Q  —•  < 

O  3  S  H 

z 

< 

z 

II    UJ  t- 

z 

oo 

CL 

^-' 

ID  o 

M 

t-  i/l 

II 

U  UJ    11    •-•         CL 

I  1-  Ct  O 

-i 

-1  o 

o    ■ 

II  UJ  u 

00  O  UJ 

00 

l/l 

u 

II 

o 

It 

<  q:  11  >  1- 

3 

01 

t- 

3 

3  UJ 

»-t 

00 

-  s 

II   o  < 

Q 

►-* 

> 

UJ  a 

(Q 

3 

UJ 

11 

l-O  _J 

It 

11  O  i/l  o 

Z  (JJ  O  I/) 

> 

i/i 

t^ 

00  UJ 

11  O  Q. 

z 

00 

_l 

z 

_i 

UJ 

U 

UJ 

1- 

II 

C_J 

It 

M  cr  o  z 

1- 

X 

o 

Z 

-I 

UJ 

UJ 

UJ 

I 

UJ   1- 

II  cr  Z 

< 

UJ 

< 

»-' 

o 

X  ct 

•^ 

< 

II 

II 

11  a  u  •- 

< 

UJ 

u 

u. 

cr 

-I  Q  1- 

O  >- 

II  a  — 

OO  Q 

> 

_i 

u. 

1— 

a. 

> 

u 

II 
—   II 

II    

II 

II 

II 

II 

> 

II 

11 

II 

II 
II 
II 
II 
It 
II 
II 
II 
II 
It 

IT  (T 

II 

II 

II 

O 

II 

II 

II 

a  o 

II 

11 

11 

HI 

M 

Z          II 

11 

i/)  1- 

II 

O  1-   II   < 

< 

H    < 

< 

< 

II 

»   Z    11    UJ 

11    UJ 

u 

II 

1-   UJ    II     1 

II      1 

II 

O  Q   II   U  — 

II    l_)  >- 

II 

<  ■-■   II   l/t    1 

II  00   1 

II 

II  — 
II 

11   -)  — 

II    -)  CM 
tl   — ^ 

_ 



tl 
—   II 

II 

II 

11 

II 

II   >  < 

II    >   < 

II 

II 

II       a 

II       a 

II 

II 

11   -J  s 

II   -1  z 

It 

II 

It  o  «-> 

II  o  -■ 

tl 

II 

II  oc 

II    IT 

II 

II 

Z    11    H-  UJ 

II    1-  Oi 

II 

II 

O    II    Z  -J 

II    Z  -J 

It 

II 

«    II    O  U 

II    O  U 

It 

II 

1-    II    O  -'  l/l 

II    U  -- 

00 

II 

II 

a  11       K  1- 

II          1- 

K 

tl 

11 

»    II    3  (£  <-) 

II  3  cr 

(_) 

II 

11 

C£    II    O   <   UJ 

II  o  «t 

UJ 

It 

II 

»  u  II  -i  a  u. 

II  -1  a 

U. 

II 
II 

It 

IX  l/l    II    U.         u. 

11    U. 

u. 

II 
II 

a  UJ  11       UJ  UJ 

1/1  Q    II    (M   > 

II   O  _l  1- 

II          UJ 
II     CM    > 
II    O   -1 

UJ 

t- 

II 
It 
It 

iXI 

II 

II  - 
II 

II   O  <  i-J 

1 

II  o  < 

u 

II 
—   11 

1-  01  H-    II 

II 

II 
II 

11 

—   tt 

1 

II 

<  OO  O    11          — 

II        — 

o 

II 
II   - 

II 

(_)-«<  II 

II 

II 

II 

11 

(N 

II 
II 

II 
II 

II 
II 

II 
II 

K 

It 

II     CM 

II   CO 

II 

a 

II 

11  a. 

II  a 

II 
II 

QC 

II 

ac  11 

II 

II 

UJ    II    (M 

tl  t»< 

It 

>- 

II 

z  CO  II  o 

It  o 

II 

a. 

II 

-  S   II  o 

II  o 

II 

UJ 

II 

O  Z)   II   o 

II  o 

It 

o 

II 

a  z  11  (0 

It    (O 

II 

XL 

_!__ 

II 











.— 

-— .^ 

II 

















504 


CM  lO 

IS 


O  CD 
2  O 

UJ  UJ 

(3  1- 
<  < 
a  a 


II 
II 

II 

II 
II 
II 

II  1/1 
n  I- 


z 

lA  O 

O  ^- 

I-  < 

<  Q 
ol 

I-    01 

O 


> 
a  tr 

o 
Q  o 

ul  I- 

< 


IN 

o 


a: 


X. 


UJ 

_i 
I-  ■D 

r  Q 

V-   L3  UJ 

I/)  i-i  r 

O  UJ  u 
U   5  1.0 


a 

a 
UJ  o 

<  cr 
Q  o 

UJ  z 
3  O 

a  a 

01 


U3 
CO 

^  s 

—  < 

r»  (/) 

O  -> 


(C 

CO 

-^  s 

--  < 

o  -) 


CO 

m 
^  < 

-  Q 

CM  I 
^  CJ 
^   l/l 

o  -> 


z  cr 

o  >- 

►1  D 

t-  O 

U  liJ 


I  < 

o 

ce  u. 

a  o 

ex  z 

3  o 

O  " 

>  I- 

Z  Q 

< 
I- 

Z  UJ 

UJ  X 

S  I- 


Z  UJ 


z 

H-l  UJ 

X 

cr  t- 

o 

1/1  Q  — 

Z  Z 

UJ  <  > 

1/5      cr 
a  o 

UJ  t-  (3 

Z  U.  UJ 

►1  a  t- 

-J  I  < 
Q      u 

UJ  UJ 

tr  X 

t-     ■ 
Q      a 

cc  I  I- 

-  K  o 

r  o  a 

I-  m  r 


UJ 

_j 

«  u.  a  — 

u.  O  O  Q 

01  Z  > 

^  z  z  <  cr 

:£  O  UJ  O 

Z  i-i  01  Q.  c3 

I-  I-  UJ 

i/l  >-■  UJ  u.  I- 

Qc  o  z  a  < 

<  Q  «-  I  O 

m  <  -I 

O  UJ 

UJ  K  UJ  I  • 

I  u  a  I-  a 

K   111  K 

_j  Q  I  a 

UJ  u.  cr  I-  o 

K  ijj  •-  o  r 

<  a:  X  CO 

Q  I-  UJ 

a  o  z  I 

3  I-  <  —  I- 


> 
cr 
q: 

UJ 
1/1  u. 

UJ 

"  I 

I-  K 

>  3 

I-  Q 
U  UJ 

<   H 

< 

UJ  u 

"  O 

>  1/1 
UJ  oi 
a  < 


I 

cr  > 

<  ir 

a  cr 

UJ  UJ  I 

ir  u. 

a      I 

-I  I 

o  < 

Z  3 

-1  I- 

Q  O 

Z3  < 
_l 

O  UJ 

Z  I 

«-  t- 


2 

o 

>-t  I 

I-  < 

u  z 

D  •- 
O  Z 
O  < 

cr  K 
I-  z 
z  o 

-I  u 


X  z 
o  o 


_l  I- 

u.  < 


-I  a 

OD  Q 

•1  »- 

{/)  01 

LO  «-i 

o  o 

0.  z 

Z  U. 

o  o 


I 

ID  01 

O  K 

UJ  _l 

cr  D 
to 

00  UJ 

u  cr 
ir 

K 

UJ  cr 
X  o 
K  a 

UJ 

o  cr 

t- 

z    ■ 

—<  oi 

cr 

z  o 

O  (- 

—  < 


to  ►«  z 

Z        C3 

O  -I  •- 

i-H  UJ  to 

I-  >  UJ 

<  UJ  Q     • 
O  _l        '- 

z      z  a 

UJ  -J  UJ  cr 

z  <  K  < 

Z  •-'  to  o 

o  u  >  m 

U  UJ  to 

UJ  Q.  —  s 

cr  t/i      UJ 

CD  — 

Q  UJ  U   > 

z  X  cr  UJ 

<  I-  a  cr 


z 

O  K 

•-  z 

I-  UJ 

O  Q 

<  i- 


z 
o 

I 
u  — 

01     I 


z 
o 

I 

u  — 
to    I 

-I  in 


< 
> 

I 

O   tN 
1/1      I 

-)  o 


u 

01  UJ 
"  cr 

Q  3 

I-  □: 

UJ  <  o 

z  q:  i/l 

«  UJ  Z 

IS  a  UJ 
ct  Z  to 

Z>  UJ 


cr 
~  u 
cr  1/1 

Q  UJ 
i/l  Q 


O   UJ 

cr  O 
—  a 
X  < 

X 


II 

II 

II 

II 

II 

II 

K  to  I-    II 
<    01  (_)     II     — 
O  -1   <    II 
(I 

II 
II 
II 
II    — 

II  cr 
sr  II 

UJ     II     — 

Z  CQ    II    — 

—  Z    II   O 
U  Z)    II    o 

a  z  II  ID 


UJ 

2 


Z 
O 

u 

q: 

o 

I- 
< 

-I  z 
13  O 

o  - 

UJ  f- 

ct  < 

z 

to  ►- 
U   Z 

cr  < 


505 


n  ;0 
CO 


o  ca 

z  o 

UJ  lU 

<  < 

a.  o 


II 
II 
II 
II 
II 
It 

UJ 

11 

_i 

II 

K 

3 

II 

I/) 

X  Q 

II 

1- 

1- 

O 

UJ 

II 

o  to 

l-H 

r 

II 

<  O  UJ  O 

II 

a  u  2  1/) 

II 

z 

II 
II 
II 
II 

*-l 

II 

o 

II 

ac 

II 

UJ  O 

II 

h- 

1   (0 

1  (0 

II 

< 

tr 

1    IS 

1   CO 

II 

a  o 

1  >» 

< 

1   ^ 

< 

II 

1/1 

1   (N  Q 

1    CM  Q 

II 

UJ 

z 

1 

1    CM 

1 

II 

u  o 

1   ^ 

u 

1    ^ 

u 

II 

Q 

a 

1  U1  u^ 

1    (0  00 

II 
II 
II 
II 

1/1 

1  o 

-> 

1    O 

-5 

z 

1 

z 

< 

in 

II 

UJ 

3 

1 

UJ 

1— 1 

1 

o 

!    Ul 

in 

00  — 

II 

-1 

00 

3  U 

1 

lo 

l-H 

Ul 

i-N 

00 

1   CJ3  0) 

1-  " 

M 

z 

ffi 

z 

-I 

3 

1^ 

h- 

ac 

H 

< 

1   Z 

01 

_l 

II 

1    O  UJ 

- 

o  IT  UJ  o  o  a 

_1 

-J 

U 

1    < 

(0 

3-1         00  Q 

n 

1    H 

-i 

00 

(T 

o 

00  O 

z 

3 

UJ 

z  <  Q 

1   X 

Ul 

l/l  Ul  Z  >-•  Ul 

II 

(Q  UJ  a. 

u. 

• 

(T 

o 

00 

>  O 

Ul 

1  u 

Q  ac 

UJ  >  O  X  K 

II 

1   UJ  O  O 

Z  O  1-  U  Ul  UJ 

•^ 

00  1- 

z 

< 

<r  UJ  >-.  1-  < 

II 

1   3  K 

O 

UJ 

Z  UJ  UJ 

Z 

IX 

_) 

00 

•^ 

< 

Ul 

< 

3 

_J  1/1       z 

l/l 

II 

1   00 

a 

z 

< 

_l 

00 

1^ 

o 

Ul 

X  Z  Z         1 

1  oc 

1- 

1-       UJ       O 

z 

II 

1     00 

K 

-1  oo  o 

UJ  1-  _l  Q  t-  t3  UJ         1 

1  < 

u. 

U. 

ac  -I  a    ■  •-> 

00  O 

II 

1   ^^ 

< 

>^ 

U. 

a. 

o  a 

1- 

a 

(X 

< 

•■4 

t-       1 

1  a  CO  o  o  <     --"l/l 

•-» 

II 

UJ 

ir  o  o 

t-t 

O 

1-4 

Z 

00 

>-< 

1    K 

01 

00 

a  »  z  a  UJ 

3  1- 

II 

a  1 

00 

1- 

U. 

a 

a. 

a 

ac 

Z  00 

a 

(J 

UJ 

^^ 

UJ 

1    U. 

o 

Ul  u  UJ  cr  o    • 

u 

II 

UJ    1 

►-* 

< 

t^ 

o 

a. 

UJ 

Ul 

UJ  K  a  o 

^           1 

1   O  01 

_l 

(T  Ul  1-  <        — 

1-  < 

II 

z 

IT    1 

1  r  z 

> 

-1  o 

00  Q 

ac 

a 

00 

ac 

1     00 

CO 

-J 

a  00  o  00 

II 

o 

(-H      { 

1  t- 

1- 

_i 

Ul 

z 

1- 

UJ 

z 

00 

> 

< 

z 

>       1 

< 

00  >  m  I-  > 

<  Q 

II 

3    1 

UJ 

> 

»-i 

<  o 

3 

00 

O  Ul  (T           1 

00 

t- 

cr 

00          q: 

LU 

II 

1- 

O   1 

1/1 

> 

00 

00 

UJ 

> 

X  Q 

UJ 

^^ 

O  UJ  O         1 

oo 

00 

Ul 

S  Ul  w  J  z  o 

1-   I/) 

II 

u 

UJ    1 

1     OO 

u. 

K 

i-< 

Q 

-1 

K 

ac 

1/1 

I 

(D  O         1 

t    Ul 

Ui 

> 

Ul  X        Ul  O  O 

o 

II 

< 

(T    1 

1    Ul 

•^ 

00 

u 

o 

Z  UJ 

z 

1- 

CD  S 

Ul           1 

1  u 

n 

o 

«  t-  O  ■-''-■  Ul 

>/1  _l 

II 

1  00 

a 

I-* 

UJ 

Q  1/1  13  O 

X 

o 

u 

Ul 

00 

1-        1 

o 

a 

>         CJ  >  H  1- 

u 

H 

1   oo 

UJ 

X 

ac 

Z 

UJ 

z 

taH 

1- 

•— 1 

O 

IZ 

N4 

< 

<       1 

1  ac 

UJ 

z 

ui  o  ex  Ul  u  < 

II 
M 
II 
II 

1   < 

>  UJ 

a. 

< 

a: 

t-  O 

1- 

1— 

a 

>  X  U           1 

1  a 

oc 

IX  1-  a  a  <  u 

> 

ac  tr 

11 

O 

II 

Q  (J 

II 

UJ 

II 

z 

^  1- 

II 

O  1-    1 

1  < 

< 

< 

< 

< 

II 

•— • 

Z    1 

1  > 

> 

u 

II 

1- 

UJ    1 

1    1 

1 

II 

!_)  Q    1 

1  u 

^- 

u 

— 

M 

< 

i-t 

1    00 

1 

1    01 

1 

II 
II 
II 
II 

1    -5 

— 

-1 

— 

o 

(/I 

1 

II 

»-« 

1- 

1   Z 

II 

1  1- 

z 

o 

II 

1  < 

Ul 

1 

II 

1  ac 

S 

K 

II 

Z   1 

1  < 

UJ 

1  X 

II 

O   1 

1  a 

a 

O  <J 

II 

*-«    1 

1    UJ 

■— < 

i-4 

i-i 

II 

1-  1 

1     00 

3 

UJ  O 

II 

a.  1 

O 

s  o 

II 

•-) 

1    K 

UJ 

-1 

n 

q: 

1    UJ 

cr 

1    Ul 

II 

—t 

'~j 

1  oo 

i/i 

It 

a 

01 

1     00 

K 

1  q: 

_i 

It 

a 

UJ 

1  -1 

Ul 

1    Ul 

UJ 

II 
II 

1/1 

a 

1    K 

1  q: 

-> 

1  > 

1    UJ 

UJ 

X 

II 
It 
II 

1  o 

z 

1  q: 

5 

iT) 

1- 

1/1 

1- 

1 

II 

< 

iM 

o 

^- 

^ 

*- 

o 

It 
II 

u 

"" 

< 

II 

CM 

II 
II 

t- 

It 

1  ^ 

t    CM 

0. 

II 

1  ac 

1  a 

ac 

II 
II 

UJ 

1   U1 

CO 

(- 

It 

z 

n 

1    (N 

1    CM 

0. 

It 

s 

1    O 

1    O 

dj 

II 

'— ' 

o 

1  o 

1    O 

UJ 

II 

a. 

Z 

1   lO 

1  to 

X 

II 

506 


1    CC 
CO 


o 

00 

z 

o 

as 

UJ 

O  K 

< 

< 

a  o 

II  to 


II 
II 
II 
II 
II 

UJ    II 


M    I-  H  O  UJ    II 


m  i->  X 
O  UJ  u 
u  J  1/1 


z 

to  O 

D  t- 

U 

I-  < 

<  Q 
UJ 

I-  i/l 
O 

to  _1 
u 


> 
o 

Q  O 
UJ 

< 


tN 

O 

r~ 

(N 

t- 

a 

cr 

o 

q: 

UJ  O  II 

t-       II 

<  IX    II 
Q  O 


to    II 
UJ  Z    II 

3  O   II 

Q  a  II 

to    II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

Q    II 


CO 
^  < 

CN  I 
^  (_> 
10  </l 

O  -) 


(O 
CO 
^  < 

CM  Q 
M  I 
-V  (_) 
(0  1/1 

o  -> 


(O 

IS 

^  < 

CM  Q 

CSI  I 

^  U 

(O  to 

o  -> 


to 


I 
O 

a. 

<  I   -I 

X  UJ  < 
QC  U. 

o 

UJ  q:  -I 

Q  o  < 

Z  U.  I- 


z  q: 
o  — 

o 


X  z 

U  UJ 

<  t- 
o  o 
cr  a 
a 

a  t3 

<  z 


I    Q 
Z  UJ 

I-  a 

< 
00  a. 

-I  s 

UJ  O 
UJ  u 

X 

I    < 
z 
o  z 

I  o 


<  a. 


(_)  UJ    II    UJ         •-I   X  K 
•I  UJ  >  O  < 

>  a  -I  •-•  u 

UJ   <  O  UJ  i- 
q:  3  uo  3  Q 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
Z  II 
O   II 

►H      II 

H    II 

a  II 
•-■  II 


3 
UJ  I/) 

a.  UJ 
<  a. 

3 
K  I- 

u.  o: 
o  o 
to  a 

UJ 

Q  a. 

UJ 

Q 

z 

UJ 

S 
£ 
O 
u 

UJ 


UJ  z 
>  O 

LU  1-4 
_l  to 
UJ 

-I  O  • 

<  — < 

>-•  s  O 

u  UJ  a    • 

UJ  h-  <  — 

a  I/)  o 

CO  >  CO  > 

to  a. 
ui  N-  3  o 

X  UJ  o 

h-  (D  •-■  UJ 

O  >  1- 

O  a:  UJ  < 

I-  Q.  a  (J 


z 
o 


< 
> 

I 

o  — 
to    I 

-)  CM 


< 

Q 

I 

O  (N 

l/l     I 
-)    CM 


< 
UJ 
I 

U  CO 
to    I 

-)  CM 


a.  II 

-•  O  II 
CC  to  II 
O  UJ  II 
i/l  O  II 
II 
II 


II 

K  00  I-  II 
<  l/l  O  II 
U  -H   <    II 

II 

II 


CM 

a: 

a. 

UJ 

(0 

z  m 

(M 

--  s 

o 

O  3 

o 

a.  z 

to 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

■  II 
II 
II 
II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


y 


/ 


507 


in  ic 

CO 


\ 

II 

o 

CD 

II 

Ol    11 

z 

O 

II 

II 

_l    II 
t-  3    11 

UJ 

LU 

II  1/1 

I  Q   11 

tj 

t- 

II    K  K-  O  UJ    11 

< 

< 

II    U 

1/1  >-i  I    II 

a. 

Q 

H    < 

O  UJ  U    II 

II    Q.  a  S  l/l    (1 

n  S 

II 

M    !-• 

II 

II 

II 





II  — 
II 

II 

II 

13   11 

M 

Ct    11 

II 
II 

UJ  O  11 
1-         11  ifl 

(O 

(0 

II 

<  cr  11  CD 

CO 

CO 

II 
II 

Q  O    11    '^  <t 
1/1    II    <N  Q 

^  < 

II 

UJ  Z    11    —     1 

'~    1 

^    1 

II 
II 
II 

3  O    11    ^  U 

o  a  11  in  CO 
1/1   II  o  -) 

in  1/1 

o  -) 

^  (J 

in  00 

o  -> 

II  — 
II 

II 

II 

II 

^-s 

UJ 

1 

II 

II           1/1 

00 

1- 

(T 

•-^ 

1 

• 

II 

II    1       a. 

« 

< 

1- 

l/» 

i-i 

z  s 

II 

II    UJ         UJ 

< 

Z 

►- 

O  UJ 

It 

II  (T  >/>  _l 

K 

a.  o 

-1 

-1 

00 

►-< 

1- 

II 

II          UJ   -i 

Q. 

a 

u 

3  UJ  Z 

»-* 

00 

»^ 

II 

11  a  (T  O  K  o 

00  >  13  X  UJ 

II 

11  o  z)  a 

a: 

(T 

UJ  lU 

N4 

>- 

o 

*~ 

II 

II    U.  -I  1- 

ad  a 

D  q: 

_l  </) 

t/)    M 

II       « z 

a.  o 

UI 

z 

> 

T     II 

II  z  <  o 

00 

< 

> 

K 

-1  o 

• 

UJ 

sx. 

l/^   O     II 

II  <  u.  u 

- 

cc  < 

^-N 

UJ  O 

k^    II 

II  -1 

O  UJ  o  o 

HH 

S  O  (D  O 

3  1-   ii 

Q   II   Q.  S  O  t- 

o 

1- 

a  u  UJ  IX 

UJ 

O    II 

UJ    11          Q  K 

(Q 

00 

UJ 

UJ 

t- 

< 

00 

t- 

H 

<    II 

Z  (T   11    <  S 

i/l 

00 

z 

er 

a  I/)  o 

< 

< 

II 

O  >-<   11              UJ 

1^ 

o 

00  > 

ID 

X  U 

< 

Q   11 

►-1  D   II   Q.  C  > 

> 

1-^ 

00 

UJ    II 

1-  O   II   O  Z  — 

00 

< 

t- 

• 

UJ 

^i* 

5  z 

< 

f— 

1/1  II 

U  UJ    II    _l  •-  K 

- 

>  O  (T  X 

UJ  O 

O  11 

<  (T   II   UJ  >  < 

u 

1 

liJ  O  H  CD 

1-^ 

1^ 

o 

1/1 

_l  11 

II    >  _1  _J 

r  o  cc 

1- 

o 

> 

K 

UJ 

^  II 

II   UJ  O  uJ 

a. 

00 

^1 

O  O  (T 

UJ 

O 

1- 

11 

II  Q  00  a: 

-J 

Q 

< 

►- 

a 

cr 

< 

< 

" 

—   II  — 

11 
>   II 

II 
II 

a. 

CE    11 

O   11 

11 
II 

Q  O   n 

II 

1/1 

UJ    II 

t-   II 

Z          II 
O  1-    11  < 

< 

<      < 

<      < 

a 

<   II 

"  Z   11   > 

UJ 

O    11 

1-   UJ    11      1 

1 

' 

H 

O  Q   11  U  — 

(J  r^ 

U  CO 

II 

<    -■     II     UO     1 

00    1 

C/)     1 

II 

II  — 
II 

II    -)  (M 

-)  (N 

-5  CN 

II 

II 

II   •-*  »^ 

II 

11  o  < 

II 

II   ii  u. 

II 

II   Q 

II 

II     1    Z 

II 

Z  11  o  o 

II 

O      II      t-    l-H 

II 

I-I   II    1   1/1 

II 

1-    II    O  QC 

II 

a  II  o  ui 

II 

i-i  II  _i  > 

II 

q:   M  <  z 

II 

«  U    N    z  O 

II 

a  1/1  II  <  u 

II 

Q   lU    II                  UJ 

II 

1/1  o  II  5  -)  tr 

II 

II   O  <  3 

II   S  W  _l 


I-  1/1  I-   II 
<  on  u   II 

o  •-  <   II 


(SI 

II 

II 

II 

II 

I— 

II 

II  •- 

a 

II 

II   K 

q: 

II 

CS    II 

II 

iLi   II  r- 

u. 

II 

z 

!D    11   t^ 

a 

II 

2    II   O 

111 

II 

o 

3   11   o 

•_) 

II 

a. 

Z    II   <fl 

508 


to  (O 
CO 


O  CO 

z  o 

UJ  UJ 
O  t- 

<  < 

a  a 


II 


<  a 


> 
o 

Q  O 
UJ 

LO    I- 


II  II 

II  II 

II  II 

II  II 

II  UJ    II 

II  -I  II 

II  (-DM 

II  l/l          ION 

II  I-   I-  O  UJ    II 


CM 

o 


II  I 
II 
II 
II 
II 
II 

II  ■ 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II  ■ 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
t/)  II 

Z  II 
I/)  O  II 

H-   II 

D  K  II 

U  II 

H  <  II 

II 

II 


UJ  II 

(/)  II 

O  II 

_l  II 

U  II 


II 
II 
II 
II 
II 
II 
II 

<  H 

U  II 

II 

II 

II 

II  ' 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
)    II 


ijl  «  X 

O  UJ  O    II 

l_)  3  </>  II 

II 

II 

II 

II 

II 
O  II 

a. 


UJ  O  II 

H  II   (O 

<  a  II  00 

Q  O  II  ^  < 

1/1  II    (N  Q 

UJ  z 

D  o 


—  I 
o 


o  a  II  in  1/1 
o  -) 


to    II 

II 


CO 

•>.  < 

CM  a 

—  I 

>»  <j 

in  (/) 

o  -> 


GO 

->>  < 

N  a 

>.  o 

in  m 

o  -) 


I  t 
a  CO 
3  I  z 
O  UJ  o 
►H  a  o 
u. 

z  I  Q 
o  I-  z 


II  o  >-■  < 


Q 
UJ 

z  a 

o  -> 

t-  a 

(_J   UJ 

<  a 


3 

II   <  Z 

II  o  o  o 

II  a  z  «-i 

II      ■-•  I- 

II    OQ 


-J  < 
o:  <  iM 


II    (/)  UJ  i-i 


z 

O  K 

•-  z 

I-  UJ 

U  Q 

<  •-" 


o 

II    f-         UJ 

II  >-■  z  z 
II  z  o  z 

II  O  h->  < 
II  3  I-  I 
II   uo  <  O 

II 

II 
II 
II 
II 
II 
II 
II 
II 


oc 

UJ 

3  Z 

o  o 

a.  >-• 

</> 

O  3 

a  _i 

10  (J 

z 

U.  >-< 

o 

q: 
to  o 
z  u. 
o 

HH    Ul 

K   OC 

<  3 

a  -I 

UJ  I-I 

Q  < 


(/) 
UJ  I- 
tX  -I 

<  3 
3  to 
I-  UJ 

u.  tr 
o 

lO  ►- 

a 

-I  o 

-I  a. 

<  UJ 
UJ 

> 

o    • 

3 

z  UJ 

<  •1 
> 

Z  UJ 

-1  a 


•-  > 

l-H    UJ 

a 

_i 

UJ  z 

>  o 

UJ  1-4 

_i  to 

UJ 

-I  o 

< 
-•  z 

U  UJ 
UJ  I- 

a.  I/) 

00  > 

to 

U)  w 

X 

I-  m 

u 

o  a 

K  a 


z 
o 

!-• 

K  < 
U 

<  a 

UJ 

to  )- 

>-•  <  • 

X  z  z 

K  a  Ul 

tO  ii 
■  UJ 
^  Q   - 

a 

(T  z  > 

<  UJ  QC 
O  UJ  O 

CD  m  o 

Ul 

3  1/11- 
UJ  <  < 

«  X  U 


(O 

CO 

^  < 

in  o 

M  I 

^  u 

r~  to 

o  -> 


< 
> 

II    I 

II  u  — 
II  to  I 
II    ->  CD 

II 

II 
II 
II 
II 
II 
II 
II 
II 


<       < 

UJ 

< 

a 

O  CM 

I/)    1 

u  m 

(/I   1 
-)  n 

I 

< 
-I 

>  UJ 

tr  a. 

< 

(/)  00 
00  UJ 
UJ  (3 

o  z 

UJ  < 
Z  I 

o 

I- 

Z  UJ 
Ul  IT 

z  < 

UJ  3 
_l  Q 

a  o: 
z  < 

•-  X 


I 

z 
< 
I 

o  — 

Ul  cr 

cr  3  > 
O  tr 

<  >  O 

O  o 

o:  z  UJ 


< 
z  o 
o 


<  o 

IsJ  UJ 

UJ    H-     -) 

o 

UJ  <r 

Z  Q. 


>  -I 


tr 

H-.     U 

a  00 

O  UJ 

00  Q 

II    I 
II  o  — 
II  I/)   I 

II    ^  CO 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


o  < 

■->  u. 

a 

I  z 

o  o 

I-  — 

I  00 

o  a. 
O  UJ 
-I  > 

<  z 

z  o 

<  o 

I 
Z  -I 

(3  < 


I-  00  I- 

<  to  u 

o  --  < 


II 

II 

II 

II 

r~ 

II 

a. 

cr 

II 

UJ 

II 

r- 

z 

(Q 

II 

(N 

S 

II 

o 

1_) 

3 

It 

o 

a 

Z 

II 

'O 

II 

II 

II 

II 
II 
II 

II  CN 
II  OC 

II 
II  f>- 

II  (M 

II  o 

II  o 

II  tD 
II 


509 


10 
31 


O  CD 

Z 

o 

tu 

as 

o 

y- 

< 

< 

a. 

Q 

z 

1/1  O 

3  )- 
»-  < 

4  Q 

LU 
I-    l/l 

o 
l/>  _I 

u 


> 

o 
Q  o 


1/1 1 


a 


II  II  II  II 

II  II  H  II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  UJ  II  H  II 

II  _l  II  II  II 

II  K  D  II  H  II 

II  1/1  X  Q  II  II  'I 

II  I-  I-  O  111  II  II  II 

II  U  1/1  ►-  I  II  II  II 

II  <  O  UJ  (->  II  II  11 

II  a  u  s  i/i  II  II  II 

II  S  II  M  II 

II  »  II  II  II 

II  II  II  II 

M II II II 

II  II  II  II 

II  O  II  II  II 

II  a  II  II  II 

II  uj  O  II  II  11 

II  I-    II  (O        (O         II  (O                         II 

II  <  IT  II  03         CD          II  OO                           II 

II  Q  O  II  ---  <      ^  <       II  ^  <                       II 

II  i-n  II  in  Q          in  Q           II  —  Q                                       II 

II  UJ   Z    II  !N     I                   CN     I                    II  —     I                                                                     II 

II  3  O    II  ^  <->              ^  O               II  ^  U                                                         II 

II  Q  a  II  r-  1/1          1^  (/I           II  r>-  1/1                                         II 

II  1/1    II  O  ->              O  -1               II  O  n                                                         II 

II II II II 

II  II  II  II 

II  II  II  I                                        II 

II  II  II  UJ                t/)                                          II 

II  It  II  I   q:           lu                            II 

II  II  MO  I    S     •  UJ  (D  3               II 

II  II  II  ce  UJ  a  -J  1/1  z  X  o  UJ           II 

II  II  II  a  o  S  UJ  i<o  o  t-  a  "-  -I       II 

II  II  II  z  3  a      HI      Q.  >           II 

II  II  II  a:  <  Q  o  UJ »-  o      UJ  >       II 

II  II  II  n  I      ct  I  •-■  >-  "H  a:  a       II 

II  II  II  O  O  O  Q.  I-  1/1        ►-        O         II 

II  II  II  >        I-              O  1/1        Z  (J         II 

II  II  II  UJ       1/1  X  0.  I-  -I  13  UJ         II 

M  II  II  z  a  o  a  o      -1  UJ  •-I  t-       II 

II  Qii  lli-><^S:3S3>i/1<  II 

II  UJ   II  II  3  o       O  O  1/1  UJ  UJ  <-)        II 

II  zccii  iit-Kinoai-uj-iQ  ii 

II  O  •-<    II  II  Z  u.  01  Z  X  1/1  QC                          II 

II  >-•  O   II  II  UJ  O  f^  •-■  K              _1  2     •         II 

II  K  O  II  II  2  (/I        z        UJ  I-  <  UJ  -^        II 

II  oujii  iiuji-'-i/ilirni-o  II 

II  <q:ii  ii_ii-i/)'<i-(-oi-)i/itr  II 

II  II  II  a  u  UJ  s  z      0.  UJ  >  <       II 

II  II  II  z  UJ  =1  UJ  <  z  UJ  a.  1/1  o       II 

II  II  II  1-1  -)  o  a  -I  •-•  q:  I/)  ^  CD       II 

II II II II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  Z         II  II  II 

II  O  t-    II  2        <        5        <         II  <              <                                          II 

II  «  Z    II  O                   <J                    II  >                                                          II 

II  K  UJ    II  I                      I                     II  I                                                            II 

II  u  Q  II  u  fM           on            II  u  —                                            II 

II  <  ~  II  1/1   I            1/11             II  1/1   I                                             II 

II  II  ^  to           i<:  n           II  -1  —                                         II 

M II II II 

II  II  II  II 

II  II  II  Z                        II 

II  II  II  O                      II 

II  II  II  O                         II 

II  II  II  II 

II  II  II  3                      II 

II  Z  II  no  II 

II  on  II  I-                        II 

II  •-<  II  II  1/1                        II 

II  h-  II  II  ^                        II 

II  a  II  II  a                  II 

II  ■-•II  II  S                      II 

II  a  II  II  3                 II 

II  -H  u  II  II  a  '                 II 

II  CC   l/l    II  II  l/l                                                             II 

II  Q  UJ    II  II  UJ   Z                                                             II 

II  L/1   O    II  USX  II 

II  II  II  1/1   UJ                                                                          II 

II  II  II  l/l  O                                                              II 

II II II II 

II    I-  '/I  H  II  II  II 

II    <  1/1  O  II  • —   ~                 II  —  —                         II 

II    U  ->  <  II  II  II 

II II II II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  II  (N                                               II  —                                                                   II 

II  II  a:                                II  iz                                             II 

II  a.  II  II  II 

II  UJ  II  r--                                  II  cs                                                II 

II  z  in  II  tN                                II  N                                             II 

II  ~  2    II  O                                         HO  II 

II  w  3  II  o                                II  o                                             II 

II  a  z  II  U3                              II  (o                                          II 

r.  ,1  I  M 


64-548    0—86- 


-17 


510 


o 

CD 

z 

O 

liJ 

lU 

O  1- 

< 

< 

a 

Q 

II 

II 

II 

II 

II 

II 

II 

II 

II  1/1 

11  I- 

II  (J 


z 
1/1  o 


> 

IT 

o 
o 
tu 

1- 
< 


o 


a. 
a. 


< 


UJ 

_i 

X  □ 

I-  O  UJ 

(/I  «  X 

O  Ol  U 

o  i  in 


o 
a: 

Ol  o 

<  cr 

Q  o 

1/1 

UJ  z 

rs  o 

a  a 

(/I 


—  < 

r^  (/I 

o  -> 


(0 

(0 

00 

CO 

^  s 

^  z 

—  < 

—  < 

^-    1 

—   1 

~v  O 

^  o 

r~  in 

r*  1/1 

o  -> 

o  -> 

D 

UJ 

Z  (K 

O  >-• 

I-  O 
U  UJ 

<  cr 


z 

O  t- 

«  z 

I-  UJ 
U  Q 
<  ►-• 


z 
< 

-I  U. 

a  o 

u  z 

•I  o 

U.  11 

11 1- 

u  < 

UJ  I- 

a.  z 

I/)  UJ 


tu  a 
a  z 

> 

o  a. 
oc  o 
a  u. 


z  z 

o  o 


<  < 

I-  ISI 

z  « 

UJ  -I 

S  UJ 

3  Z 

K  Z 

I-  < 

00  I 

z  o 

o 

o  z 

UJ  n 

>  Q 

O  3 

(X  -I 

a  u 

s  z 


I 

<  o 

U  (/I 

t-l  1/1 
(Z  < 

t- 

U  Q 

UJ  z 
-I  < 

UJ 
UJ  Z 

-I  o 
(D  n 

11 1- 
1/1  a 

t/1  3 

o  a. 
a.  CC 

UJ 

Q  I- 

z  z 

<  11 


o 

UJ  Z 

Q  n 

3  </) 

-I  < 

U  UJ 

Z  K 

M    O 

z 

1/1 

I-  u. 
u  o 

< 
a  I- 

s  z 

n  UJ 

s 

Q  1/1 

UJ  1/1 

I-  UJ 

<  l/l 

n    1/1 

O  < 


I  1/1 

z   I  < 
»  a 

1/1  UJ  1/1 

>  Q 

a  o  « 

o  o  o 

u.  z 

H  UJ 

Z  Z  -I 

o  <  o 

11  Q  (/I 

I-  Z 

<  3  X 

I-  Q  H 

Z  UJ  O 

UJ  a  m 
z 

3  a:  z 

a  o  o 

H 

1/1  UJ  UJ 

Z  -I  O 

«  O  < 


O  UJ  CQ  S 

Z  X  U  UJ 

UJ  >-  (T  » 

-I  a.  > 

O  O  UJ 

irt  f-  n  a 

I— » 

UJ  (/I  z 

Z  K  -I  (3 

O  -I  UJ  « 

3  >  1/1 

O  1/1  UJ  UJ 

»-  UJ  -J  O 

a 

o  -I  z 

UJ  I-  <  UJ  '^  O 

1/1  a  1  t-  Q  C3 

O  O  u  1/1  oc  UJ 

a  a  UJ  >  <  I- 

o.  UJ  a.  i/i  o  < 

o  a  1/1  ^  m  o 


> 


< 
> 

I 
o  — 

\A    I 


<      < 

UJ 

< 

U  (M 
1/1    1 

-)  — 

(J  « 
\A    1 

-1  — 

cr 
—  o 
a:  1/1 
O  UJ 
1/1  Q 


> 

-J 
< 
> 

z 
o 

•— 1 

t-  1/1 
<  z 

-I  CL 
O  UJ 
ul  (_) 
«  Z 

o 

3  U 

a 

<  UJ 


II 

I-  i/1 1-  II 

<  1/1  O  II 

(_)  n  <  II 


II 


fSI 

q: 

oe 

UJ 

01 

Z  CD 

(SI 

-  z 

o 

O  3 

o 

a.  z 

(O 

511 


CT> 

33 

II 

II 

II 

^ 

II 

II 

II 

— 

II 

II 

II 

•— 

II 

II 

II 

•^ 

II 

II 

II 

O 

CD 

II 

UJ    II 

II 

II 

z 

O 

II 
II 

1- 

_i  II 

D    II 

II 
II 

II 

II 

ILI 

UJ 

II 

l/> 

I 

a  II 

II 

II 

o 

t- 

II 

t- 

1-  O  UJ    II 

II 

II 

< 

< 

II 

o 

to  « 

1  I  II 

II 

II 

a 

O 

II 

<  O  UJ  U    II 

II 

II 

II 

a  u  3 

00    II 

II 

II 

II 

z 

II 

II 

II 

II 

>-i 

II 

II 

II 

11 

M 

II 

II 

^   II  ^— 

II 

II 

II 

II 

II 

II 

O   II 

II 

II 

II 

a  II 

II 

II 

II 

UJ 

O   II 

II 

II 

II 

K 

II   IC 

II  to 

iO 

II 

II 

< 

(rum 

II    <B 

a> 

II 

M 

Q 

O   II  ^ 

z 

II    ^ 

z 

^^ 

z 

11 

II 

00   II  (0 

< 

II    (0 

< 

CO 

< 

11 

II 

UJ 

Z   II  o 

1 

II  o 

1 

o 

1 

11 

II 

U 

O  II  ^ 

(J 

II  ^ 

u 

^ 

u 

II 

II 

Q 

a  II  <x>  to 

II  U)  (/) 

Ul 

00 

II 

II 
11 

00   II   o 

-> 

II  o 

^    II  -^^ 

-) 

o 

-> 

II 

II 

II 

II 

—    II 

II 

II 

II 

II 

1 

cr 

00 

1 

II 

II 

II 

tr 

II    1 

u. 

UJ 

3 

1 

1 

1 

1- 

•-^ 

< 

II 

II 

II 

u 

II    U. 

Z  H 

a 

X 

< 

X 

_l 

HH 

z 

II 

II 

II 

a. 

II    UJ  O 

»-« 

< 

UJ 

a. 

UJ 

3 

o 

II 

II 

II 

II   O  U  (D 

< 

00 

-1 

00 

II 

II 

II 

►-« 

II 

cr 

UJ  O  U  K  UJ  UJ  Z 

*-H 

00 

r- 

II 

II 

II   H 

II  (X  Z  O  -1  z 

X  cr 

>  o  I  UJ 

II 

II 

II  •-• 

_i 

II   O  3 

O 

H-« 

z  o 

UJ 

I-* 

1- 

Q 

> 

II 

II 

II  Z  111 

II   U. 

z 

UJ 

Z  N  O 

(HI 

1- 

_l 

00 

cr 

II 

(/) 

II 

II  m 

> 

II 

»-» 

I 

1^ 

(»i 

■-4 

-1 

ir 

UJ 

Z  O 

11 

Z 

II 

II   3  UJ 

II   z 

1- 

K 

00 

-1 

K 

u. 

O  -1  Q 

, 

Ul  O 

II 

I/) 

o 

II 

II    00 

-1 

II  < 

a 

*-* 

< 

a 

< 

>-^ 

Ul 

UJ 

II 

t-t 

II 

II 

II  -J 

o  u. 

I  H 

-1  O  Uj 

*-* 

Z  O  CD  1- 

II 

■D 

1- 

II 

O   II   Q  UJ 

II   Q. 

O  1- 

D 

3 

z 

cr 

u 

UJ 

cr 

< 

II 

o 

11 

UJ   II    z 

h- 

^ 

II 

u. 

•— I 

Z  4 

UJ 

i- 

< 

00 

(J 

II 

t- 

< 

II 

Z 

cr  II  < 

< 

II   <  O  Z 

3  Z 

•-* 

a. 

00  O 

< 

II 

II 

o 

>-<  II 

i-i 

> 

II 

o 

O 

00 

00 

UJ 

00 

> 

CQ  X 

< 

II 

< 

o 

II 

»-• 

D  II  UJ  a  cr 

II  a 

z 

H-t 

.J 

t~* 

UJ 

u 

00 

11 

UJ 

II 

K 

o  II  cr 

a 

o 

II  O  O  1- 

< 

^- 

O 

1^4 

z 

UJ 

s..^ 

3 

Z  </1 

II 

t- 

i/l 

II 

u 

UJ    II    < 

o  o 

II  -1 

i-t 

< 

UJ 

< 

z 

1- 

UJ 

I 

UJ  O  <      • 

II 

O 

II 

< 

cr  II  a 

a 

UJ 

II    UJ 

K 

cr 

a 

a 

1^ 

l-H 

1- 

CD 

►.* 

*^ 

z 

II 

l/l 

_l 

II 

II    UJ 

a 

1- 

II  > 

*-t 

3 

UJ 

1- 

-I 

ir 

U 

> 

1- 

a  UJ 

II 

u 

II 

II  cr 

a 

< 

II    UJ 

ZOO 

a 

00 

«.-» 

UJ 

O  cr 

UJ 

<_l 

UJ   1- 

11 

II 
II   - 

II  a 

< 

u 

II   Q 
-*  II  .^' 

•-• 

(-« 

K 

o 

'-' 

ID 

a 

K 

a 

cr 

< 

K  -■ 

11 

" 

> 

II 
II 

II 
II 

II 
II 

—    II 

II 
II 

Ct 

o 

II 
II 

II 
II 

II 
II 

II 
II 

Q 

o 

UJ 

II 
II 

z 

II  ro 
II  — 

II 

II 

II 
II 

00 

t- 
< 

II 

II 
II 
II 
II 
II 
II   - 

o 

1- 
u 

< 

1      IDENT 
1  JSC-GM 

1 

< 

II   < 
II   > 
II     1 
II  u 
II    00 

II  -) 

^    11   ■^^■■ 

1 

< 

< 

> 

1 
(_) 

00 

-) 

< 

CN 

1 

II 
II 
II 
II 
II 
II 

II 

II 

11 

■~    II 

II 

II 

II  > 

II 

II 

II 

II  _i 

II    UJ 

II 

II 

II  < 

11  -J 

II 

II 

II  > 

11  o 

II 

II 

II 

M    Z 

II 

II 

Z   II   z 

11  I— 

II 

II 

O  II  o 

II    00 

II 

It 

*-*       It       t-4 

II 

II 

II 

K    11    K 

CO 

11  X 

II 

II 

a  II  < 

Z 

11   K 

II 

II 

—  II  _i 

cr 

II   <-i 

II 

II 

Ct    II    O  UJ 

11  3 

II 

II 

•-» 

u  II  00 

u 

II 

II 

II 

a 

00    11    « 

z 

11   > 

II 

tl 
II 

a 

00 

UJ    II 
Q    II    D 

o 

II  a: 
II  1- 

3 

II 
II 

II 

II  a. 

11   z 

a. 

II 

II 
II   ' 

II  <t 

UJ 

11    UJ 

< 

II 

\fl 

II 
II 

(-    00 

<  00 

1-  II 

U    II 

_ 

II 
II 

II 
II 

o 

II 
II   - 

(J  ►, 

<  II 

II 

II 

—    11 

II 

II 

II 

—    II 

II 

fSI 

II 

II 

II 

II 

II 
II 

II 
II 

K 

II 

II  n 

II   — 

II 

a. 

II 

II  cr 

II  cr 

II 

oc 

II 
II 

a  II 

UJ   II   C7> 

II 
II  — 

II 
II 

1- 

II 

z 

m  II  (N 

11  ro 

II 

a 

II 

Z    II  o 

11   O 

II 

LU 

II 

u 

z;  11  o 

II   O 

II 

u 

H 

a. 

Z    11   10 

II  ic 

II 

x: 

.1 

II 

II 

II 

OJ 

— - 

— . 

— 

... 

— ' 

_ 

__. 





^. 

_, 

_, 

_, 

__, 

_. 

__, 



__. 





.-..^_ 

512 


O  (O 
—  CO 


OCO 

z  o 

UJ  111 

<  < 
a  o 


II 
II 
II 
II 
II 
II 
II 
II 
II  (/) 

II  h- 


Z 
CO  O 

t— I 
3  1- 

U 
h-  < 

<  Q 
UJ 

I-  1/1 
O 

1/1 

u 


> 

O 
Q  O 


l/l  I 


O 


a. 
ce. 


a 

OJ 


UJ 

-I 
H  3 

r  Q 

I-  13  UJ 
(/)  1-1  I 
O  UJ  U 
U  3  I/) 


O 

K 

UJ  O 

I- 

<  a. 

a  o 

I/) 

UJ  z 

D  o 

o  a 

CO 


z  a 

o  •- 

-■  3 
t-  O 
U  UJ 

<  a 


z 

O  I- 

•-•  z 

I-  UJ 
O  Q 
<  •- 


a. 

>-•  u 

Ct  1/1 
O  UJ 
00  Q 


I-  CO  K 
<  CO  O 

U  i-i  < 


a. 

UJ 
Z  CO 

-  2 
U  D 

a  z 


to 
<s 

—  < 

—  I 
^  tj 
r^  CO 
o  -) 


(O 
GO 


—  < 


u 

CO 


(O 
00 

»-  < 
—  I 
V.O 
r»-  I/) 

o  -> 


z 

3  UJ 

z  r 

(T  w  K 
O  I- 

u.  a  u. 

o  o 
z 

<  u.  z 
-I  o  o 

Q.  « 

Z  K 

<  O  < 

■-•  cc. 

a  H  3 

o  M  o 

-I  z  -• 

UJ  •-•  u. 

>  U.  z 

UJ  UJ  o 

Q  Q  U 


z 

O  O 
►1  z 

I-  ■- 

<  I- 

(T  --I 
UJ  (/) 

a  >-> 
o  X 

UJ 

a  a 

<  z 


CO 

UJ  • 
>-i  UJ 
I-  o 

>-•  z 


(0  (X 

<  UJ 

a.  a. 

<  X 

(_)  UJ 

Z  1- 

O  I 


a.      >-i  I-  1-1 

UJ  UJ  M  <  -I 


O  -J 
Z  1-1 


3 
z  o 

—  Z 

CO  < 


UJ  CD  S 

X  U  UJ  • 

H  a  •-•  — 

a  > 

O  UJ  > 

I-  "-  (T  a 
-   o 

»/)  Z  (J 

K  -I  O  UJ 

_j  UJ  HH  h- 

3  >  to  < 

CO  UJ  UJ  U 

UJ  -I  O 

-J  Z   • 

I-  <  UJ  '^ 

q:  •-  I-  Q 

O  u  to  a 

0.  UJ  >  < 

UJ  Q.  CO  o 

a  CO  ^-^  oD 


UJ  -  > 

-J  z  -I  a 

O  o  <  z 

z  •-  H  < 
►H  I-  z 

(/)  <  lU  CO 

o  z  t- 

u.  -■  z  z 

o  u.  o  ■-• 

«  (T  < 

(/)(-•-•« 

3  a  >  1- 

1-  UJ  Z  00 

<  U  UJ  z 

I-  o 

00  >  C3  O 

{T  Z 

UJ  t-  1-1  Q 

Q  Z  Q  UJ 

1-  UJ  3  U 
>    -ID 

O  3  <-)  Q 

a  a  z  z 

a  <  —  — 


I 
a. 

UJ 

a  -I  z  • 

X  <  UJ  -^ 

UJ  N-  t-  Q 

cj  00  a 

H  UJ  >  < 

X  a  t/i  o 

O  CO  »— '  (D 

i-H 

-I  UJ  m  3 

u.  r  u  UJ 

I-  tt  1-1  • 

UJ  a  >  — 

-I  O   UJ 

(0  K  1-1  tr  > 

<  1-1  tr 
u  -  z  o 
•-.  lU  _j  O  o 

-I  U  UJ  1-  UJ 

a  z  >  CO  I- 

a  UJ  UJ  UJ  < 

<  i-i  -I  Q  o 


< 
> 

I 
u  — 

CO  I 


< 


U  CM 

00  I 


> 
(J  — 

CO  I 


> 
IT 

I-  3 
Z  0. 

UJ  < 


/ 


513 


—  m 

M 

II 

II 

" 

*'"" 

■    ■ 

II 







II 

^* 

II 

II 

II 

II 

II 

V* 

II 

M 

II 

II 

II 

•- 

II 

II 

II 

II 

II 

•  -^ 

II 

II 

II 

II 

II 

O  CD 

M 

UJ 

II 

II 

II 

M 

z  o 

II 
II 

1- 

_l 

•  3 

II 
II 

II 
II 

II 
II 

II 
II 

liJ  liJ 

II 

lO 

I  Q 

II 

II 

II 

II 

O  K 

II 

1- 

1-  O  UJ 

II 

II 

II 

II 

<  < 

II 

U 

(O  1- 

'  r 

II 

II 

II 

II 

a  Q 

II 
II 
II 
II 
II 
II 

< 
Q. 

S 

O    IL 

U  3 

1  u 

II 
II 
II 
II 
II 
'   II  — 

II 
II 
II 
II 
II 
-"*-  II  ^— 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
—   II 

II 

II 

II 

II 

II 

II 

O 

II 

II 

II 

II 

II 

(Z 

II 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

II 

1- 

II  to 

II   (0 

II   (0 

II 

II 

< 

a. 

M    CO 

II   CO 

II    CD 

II 

II 

Q  O 

II    >^ 

s 

II     >v 

< 

II    ^   < 

II 

II 

OO 

II    if) 

< 

II   03  t- 

II    O)  K 

II 

II 

UJ 

z 

II  o 

1 

II    — 

1 

II    —     1 

II 

II 

3  O 

11  ^ 

o 

II    ^  O 

II    ^  (J 

II 

II 

Q  a 

II    CS  t/1 

II   (0  (/) 

II    (O  00 

II 

II 
II 

l>0 

II  o 
II  ^-' 

-) 

II  o  -> 

HO-) 

II 

II 

II 

II 

II 

—   II 
II 

II 

II 

II 

II 

II 

II 

II 

a 

II 

K 

X 

Q 

II 

II 

II 

II 

o 

II 

Z 

(-4 

UJ 

II 

II 

II 

II 

a 

II 

UJ 

00 

1- 

II 

O 

II 

II 

II 

II 

z 

< 

II 

z 

II 

II 

II 

l-H 

II 

cr 

u. 

UJ 

u. 

-1  O 

II       a 

U. 

O 

00 

II 

11 

II  t~ 

II  1-  o  o  q:  o 

UJ  Z 

II   K  o  o 

z 

UJ 

Q 

II 

II 

II  -. 

_l 

II  -• 

u. 

3 

C3 

a 

l-l 

II      Nl     U. 

1^ 

l-l 

Z 

— 

It 

II 

II  2  UJ 

II  z 

-I 

o 

z 

z 

t- 

II  z 

_J 

Q 

f- 

< 

It 

1/1 

II 

M    ID 

> 

II  m  a 

< 

o  o 

»-t 

a 

00 

II  cQ  a 

< 

Z 

l-l 

_l 

> 

II 

z 

II 

II    3 

UJ 

II    3 

o  > 

a: 

»-l 

1- 

O  UJ 

M    3  U 

> 

< 

_) 

a 

II 

c/)  O 

II 

M    1/5 

_l 

II  to  a 

o  a 

H 

00 

u. 

1- 

II  00  a 

o 

_l 

11 

Q 

o 

11 

h-4 

II 

II 

II 

cr 

< 

UJ 

II 

a 

u 

UJ 

o 

It 

3 

t- 

II 

o 

II    O  UJ 

II  o  UJ  a 

cr 

-I 

a 

Q  t- 

II   O  UJ 

a 

a 

< 

t- 

UJ 

II 

u 

II 

UJ 

II    Z 

K 

II    Z  K 

a 

O 

_J 

a 

z 

z 

*- 

11    Z  1- 

a 

o 

U. 

z 

1- 

II 

H 

< 

II 

z 

a. 

II    < 

< 

II  < 

< 

< 

u. 

< 

< 

< 

UJ 

II  <  < 

< 

u. 

UJ 

< 

II 

II 

o 

¥-* 

II 

♦-« 

II 

»-* 

(- 

z 

> 

II       i-i 

Q 

Z  O 

tl 

< 

Q 

II 

»-t 

3 

II    UJ 

cr 

II    UJ 

cr 

»-t 

O 

00 

a 

00 

a 

a 

II  UJ  a 

l-l 

o 

z 

o 

II 

IXl 

II 

K 

O 

II    (T 

Q. 

II  cr 

a 

z 

z 

UJ 

ZOO 

II  a  a 

z 

< 

3 

II 

h- 

C/1 

II 

I_) 

UJ 

II    < 

O 

II  <  o 

-1 

I-* 

»H 

1- 

UJ 

-1 

o 

II   <  O 

_i 

,~l 

< 

OO 

It 

O 

II 

< 

cr 

II  a. 

a: 

II  a 

ir 

UJ 

□ 

t— 1 

K 

UJ 

UJ 

II  a  a 

UJ 

a 

00 

UJ 

It 

1/1 

_l 

II 

II    XI 

0. 

II  111 

Q. 

> 

z 

Q 

IS 

01 

> 

1— 

II  UJ  a 

> 

z 

Q 

a 

1- 

II 

u 

II 

H  a: 

a. 

II  cr 

a 

UJ 

z> 

Z 

a 

> 

UJ 

< 

II  a  a 

UJ 

o 

•— 1 

o 

^— 

II 

II 
II    - 

1!  a 

< 

II  a. 
_  II  ^__ 

< 

_l 

u. 

< 

O  oo  C3 

u 

II  a  < 

-I 

u. 

< 

u. 

l/l 

II 

.— 

> 

II 
II 

M 
M 

II 
II 

II 
II 

It 
tl 

a 

a. 
o 

M 
II 

M 
II 

II 
II 

II 

II 

11 
II 

Q 

UJ 

II 

II 

z 

II  n 
II  — 

II  n 
II  — 

II  <r> 

II  '- 

II 

II 

i/i 

1- 
< 

II 
II 
II 
II 
II 
II 
II    ■ 

o 

1- 
u 

< 

K 
Z 
UJ 

Q 

II   S 

II  'J 
II    1 
II   u 
II    1/5 

II    -> 
(1  —^■ 

< 
1 

II  Z 
II   O 

II    1 
II  u 
II  l/t 

II  ~> 

1 

< 

1 

1  JSC-GM 
1  1-1 

< 

II 
11 
II 
II 
II 
It 

II 

II 

II 

II 

—   II 
II 

II 

II 

II 

1- 

II    Z  1- 

II 

II 

II    UJ 

II  o  z 

II  ~  z 

II 

II 

II  _l 

II   z 

UJ 

II    Q  UJ 

00 

II 

II 

II  O 

II  ■-■ 

s 

11   Z  Z 

UJ 

II 

II 

II   Z 

II  1- 

UJ 

II    <   (J  K 

II 

II 

Z 

II  ■-• 

II  (/I 

cr 

11    -I   D 

HH 

II 

II 

o 

II  1/) 

II    UJ 

3 

11           < 

oO 

II 

II 

»-« 

II 

II  a 

u 

II    —I 

II 

II 

1- 

II  r 

II  ex. 

o 

II  <  a  o 

II 

II 

a 

II  (- 

II  < 

IZ 

11   z  o 

z 

II 

II 

*-« 

II  •-) 

II 

a 

II   O  u. 

1-4 

II 

II 

a: 

11   s 

II  a 

II  ^- 

C 

II 

II 

1-4 

o 

II 

M    UJ  S 

11    1-  00 

z 

II 

II 

a. 

01 

II  > 

II  1- 

UJ 

II    —   Q 

< 

II 

M 

Q 

UJ 

II  a: 

II  " 

1- 

II    Q  i-i 

-I 

II 

11 

i/i 

Q 

II  1- 

D 

II  ca  </> 

11    Q  < 

II 

II 

II    z 

a. 

II  tr 

> 

II    < 

Q 

II 

II 

II     UJ 

< 

II   O  i/l 

II 

II       ■  O 
It 

UJ 

II 

-   11 

II 

i/i 

II 

1 

^   l>0 

t- 

II 

II 

1 

II 

<  ^/\ 

i_) 

II    ^ 

— 

II 

— 

II          — 

It 

tN 

o 

II 
tl    - 

wj  >-• 

< 

II 

II 
—  II  — 

II 

II 

11 

II 

II 

II 

It 

(N 

II 
It 

II 
II 

II 
II 

II 
II 

II 
II 

1- 

II 

II    "S- 

II 

II 

II 

Q. 

It 

II    (£ 

II  < 

II  m 

II 

q: 

II 

M 

q: 

UJ 

II 
II    — 

II 

II    IT) 

II 
It  in 

II 
II 

f— 

M 

z 

0) 

11    C5 

n  n 

II    CO 

tl 

a 

II 

•— • 

s 

II    O 

II   o 

II  o 

It 

UJ 

:l 

u 

3 

II    O 

11   o 

It   o 

II 

^ 

II 

Q. 

Z 

II   ;o 

II    (O 

It  <o 

II 

A 

1 

1 

II 

II 

OJ 











^_ 

___ 

___ 











514 


(Nl  <D 
—  CD 


O  CD 
Z  O 


<  < 

a  Q 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

UJ 

II 

II 

-J 

II 

II 

1- 

O 

II 

II 

(/) 

X  Q 

II 

II 

(-  H  O  UJ 

II 

II 

O 

lO  <-, 

r 

II 

II 

< 

O  lU  u 

II 

II 

a 

O  S  lO 

II 

II 

s 

II 

II 

1-4 

II 

II 

II 
II 
II 

II 

II 

o 

II 

II 

(T 

II 

II 

111  o 

II 

II 

K 

II 

lO 

(0 

(0 

CO 

II 

< 

ac 

II 

to 

CO 

CD 

CD 

II 

a  o 

II 

•^  z 

^  2 

^  2 

^  2 

II 

UO 

II 

<M  < 

CM   < 

(M   < 

CM   < 

II 

UJ 

z 

II 

—  1 

—    1 

II 

3  O 

II 

>v    CJ 

^  U 

^  o 

^  CJ 

II 

Q  a 

II 

(0  (/) 

(0  10 

CO  00 

CO  00 

ti 
II 
II 
II 

00 

II 
II 
II 
II 

o  -) 

O  -) 

o  -> 

o  -t 

K 

II 

II 

O 

t 

•-•       > 

II 

II 

>  z 

u. 

1- 

a. 

*-< 

to  i-i      cr 

II 

II 

<  o 

K 

UJ  tn  s 

UJ 

(D  O 

1-              O 

II 

II 

5  >- 

o  o 

X  U  UJ 

• 

)-( 

cr  n 

_l  _l        o 

II 

II 

z  ^- 

< 

• 

o  a 

K  a 

»-• 

^ 

cr  H 

o  o 

3  UJ   Z  UJ 

II 

II 

3  < 

(0X0. 

/— * 

a 

> 

cr  < 

K 

oo  >  c3  1- 

II 

II 

a  1- 

1- 

3  rv  o 

UJ 

> 

<  X 

2  a 

UJ  UJ  i-i  < 

II 

II 

z 

•• 

Z  UJ  I/)  (M  h- 

*-» 

a 

(T 

m  H 

3 

(T  -I  00  O 

LO 

II 

II 

-1  UJ  (J  <  2 

CM 

HH 

O 

2  u. 

UJ 

z 

II 

II 

-1  Z 

z 

-1 

u  «  (/) 

Z  (5 

>  (/> 

t-i  UJ 

►-  _l  Q      • 

^  o 

II 

II 

<  UJ 

•-• 

a 

u. 

a 

CO  H 

-1  C  UJ 

<  z 

z  a 

QC  <         -^ 

»-• 

II 

tl 

(T  -1  a 

o 

< 

OO 

_i 

UJ 

»-« 

1- 

s  o 

HH    S^ 

O  -  2  Q 

O  1- 

II 

Q 

II 

UJ  a 

3 

1- 

-I 

3 

> 

oo 

< 

Z  i-i 

2 

a  u  UJ  (X 

<_) 

II 

UJ 

II 

>  s 

-I 

z 

z 

Q  00  UJ 

UJ 

u 

3  1- 

UJ 

UJ  UJ  1-  < 

t-  < 

II 

z  a. 

II 

o  •- 

UUJO(3CDUJ-ia 

(T  < 

z  c3  ct  a  00  o 

II 

o 

»-« 

II 

z 

2 

*-< 

z  (J  <r 

CJ 

—  < 

00  >  (D 

<  o 

II 

t-^ 

3 

II 

0.  cr 

»-* 

UJ 

1- 

►-• 

(T 

-1 

2 

a  i- 

2 

--^            00 

LLl 

II 

t- 

O 

II 

O  UJ 

IT 

»-< 

z 

0. 

1- 

< 

UJ 

*— N 

o  u. 

K   < 

r»  UJ  ^^  2 

1-  00 

II 

<_) 

UJ 

II 

_l     -H 

- 

3 

z 

i-« 

a. 

»-( 

1- 

o 

_i  I-i 

-1   CD 

!N   I          UJ 

o 

II 

< 

(T 

II 

UJ  tr 

z 

U 

l-« 

< 

U. 

o  u 

00 

cr 

UJ  u 

3 

CM  K  m  i-i 

1/1  _l 

II 

II 

>  ac 

< 

o 

u. 

1- 

UJ 

a 

UJ 

> 

< 

>  UJ 

i/i  cr 

CO         u  > 

u 

II 

II 

UJ  < 

_l 

cc 

UJ 

o 

(T 

UJ 

a 

00  o 

UJ  a 

UJ  Ul 

n  o  CE  UJ     • 

II 
II  ■ 

II 
II 
II 

o  m  a 

a 

Q  O 

^^ 

(T 

00 

^-' 

03 

Q  00 

a.  t- 

1/1 1-  Q.  cr  — 

„ 

II 

> 

II 

II 

a.  a: 

II 

II 

o 

M 

II 

Q  O 

II 

II 

UJ 

II 

z 

II 

i/l  1- 

M 

O  K 

II 

< 

< 

< 

< 

<      < 

<       < 

< 

II 

*-• 

Z 

II 

1- 

1- 

u 

a 

o 

II 

H 

UJ 

II 

1 

1 

1 

II 

O  Q 

II 

u  — 

u  — 

<_)  (N 

CJ  n 

tl 

< 

•-H 

II 

00    1 

CO   1 

00     1 

00     1 

(1 

II 

II 

-)  <» 

->  If) 

~)  Ifl 

->  in 

II 

II 

II 

II 

t-4    t-t 

II 

II 

h-  _J 

II 

II 

<  « 

II 

II 

q:  o 

II 

II 

UJ  < 

II 

z 

II 

-I  a. 

II 

o 

tl 

UJ  < 

II 

■— 1 

tl 

(J  u 

II 

K 

II 

UJ 

II 

0. 

II 

Q  2 

II 

»-^ 

II 

^    LU 

II 
II 
II 

ac 

ct 
o 

00 

II 
II 
It 

O  1- 
Z  c/l 
>-■  > 

II 

a  UJ 

II 

Q  on 

H 

00  Q 

tl 

z 

(1 

tl 

<  z 

> 

II 
II 

II 
tl 
II 

-1  o 

t- 

in 

II 

t-  t/1 

1- 

1 

II 

<  (/I 

<_» 

tl 

^- 

•— 

<— 

^> 

CM 

II 

u  -. 

< 

II 

o 

II 

It 

II 
II 

CM 

II 
II 

II 
II 

1- 

II 

tl 

*— 

a 

II 

II 

a. 

cc 

II 
It 

UJ 

II 

II 

\n 

1- 

It 

z 

ID 

II 

n 

a 

II 

s 

II 

o 

UJ 

II 

u 

II 

o 

u 

It 

a 

z 

II 

<S) 

< 

•  1 

It 

515 


'-   CO 


O  (D 

Z  O 

UJ  UJ 

<  < 

a.  a 


II 
II 
II 
II 
II 
II 
II 
II 

M  I/) 

M  H  »- 

II  U  I/) 

II  <  O 

II  a  u 

II  s 

II  ■-• 
II 

H 

II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 


Z 
(/I  O 

3  K 

U 

I-  < 

<  a 

I-  1/1 

o 

on  _i 

u 


> 
o 

Q  Ij 


lA  I 


0. 

a. 

>- 

a. 

UJ 

u 

X 

I-  3 

X  O 

(J  UJ 

"  I 

UJ  u 

5  I/) 


O 

UJ 

z  cr 

o  •-• 

"-  3 

I-  O 

U  UJ 

<  IZ 


II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

It 

II 
11 
II 
II 

I!  (O 

II  00 

II  "^  s 

II  rg  < 

II  —   I 

II  ^  o 

II  (O  I/) 

II  o  -) 

M 

II 
II 
II 

n 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


U3 
(S 

^  z 

(N   < 

O  -) 


<B 

^  z 

(N  < 
^  (_) 
O  -) 


10 
(S 

^  z 

tNI    < 

^  u 

lO  10 

o  -> 


(O 

^  z 

■^  u 

(O  l/l 
O  -5 


z 

O  I- 

-I  z 

K  UJ 

U  Q 

<  ►- 


II 
II 
II 
II 

II 

II 

II 

II 

II 

II 

II 

II    4 

II    UJ 

M      I 

II    U   "» 

II  </l   I 
II  -5  in 


I    or 

-I  UJ 

<  ~ 
t-  tr 
1/1  a 
z  < 
t-^  s 

q:  > 

o  < 

u.  3 

z 
r  o 

<  a 
_i 

a  u. 
o 
a. 

o  z 
-I  o 

UJ  K- 
>  h- 
UJ   < 

Q  -I 


I 

_l 
-  < 

1/1  I- 
UJ  l/l 

I-  z 

00 

> 

Q  < 

UJ  3 

I-  Z 

U  3 

Uj  ex. 

-I 

UJ  O 

1/1  Z 

I-  Q 
<  3 

-I 

^  u 

1/1  z 


u.  a: 
UJ  o 
a  a. 

w  UJ 

IX 

1/1 

z 
o 


<  z  • 

i-t  UJ  >-% 

U  I-  Q 

UJ  1/1  o: 

a  >  < 

1/1  l/l  o 

^  0) 


I-  r»  K 


(N 
C  t^ 
_l   O 

1/1 

z 

O  Q 

I-    l_l 

<  cr 
_i  a 


I  m  i 

(_J   UJ 

o  a  >  — 


-<  tr  > 

l/l  i-H  q: 

I-  z  o 

_i  _i  o  o 

=)    UJ  •-•  UJ 

1/1  >  I/)  I- 

UJ  UJ  UJ  < 

a  -I  Q  u 


> 

I 

U  I 

->  in 


in 


u 

q:  to 

<  I 

-I  in 


u  — 
l/l  I 


1_)   (N 
l/l     I 


q: 

-I  u 

tr  1/1 

Q  UJ 

t/1  o 


00  I- 

1/1  O 

■-•  < 


— 

cr 

cr 

UJ 

in 

Z  CD 

n 

-  5 

o 

U   3 

o 

a  z 

(0 

516 


T  10 

~"~ 

"^~ 

^~ 

"^^ 

"^^ 

II 

~~~ 

" 



^^              — 

II 

■^ 

II 

II 

w— 

II 

II 

■» 

II 

II 

•  ^ 

II 

II 

O  00 

UJ 

II 

II 

z  o 

H 

-1 
3 

II 
II 

II 
II 

UJ  UJ 

00 

X  Q 

II 

II 

O  1- 

1- 

1- 

O  UJ 

II 

II 

<  < 

u 

00 

1^ 

r 

II 

II 

Q.  Q 

<  O  UJ  u 

II 

II 

a 

u 

a  oo 

II 

II 

s 

II 

II 

•-H 

II 

II 

II 

II 
II 
II 

II 

•~    II 

II 

II 

o 

II 

II 

II 

tx. 

II 

II 

II 

UJ  o 

II 

M 

II 

1- 

II 

(0 

to 

X) 

(0 

II 

II 

< 

ac 

II 

03 

33 

00 

CS 

II 

II 

Q  O 

II 

^ 

< 

•^  < 

>»  < 

^ 

< 

II 

II 

(/) 

II 

*— 

o 

-  Q 

"  Q 

^— 

a 

II 

II 

UJ 

z 

II 

^ 

1 

^    1 

—    1 

^ 

1 

II 

II 

13  O 

II 

^ 

u 

^  u 

^  o 

>v 

u 

II 

II 

Q  a 

II 

r» 

10 

r»  1/1 

r»  00 

t«- 

00 

II 

II 

II 
II 

1/1 

II 
II 
II 

o 

-) 

O  -> 

O  -) 

o 

-> 

II 
_   II 

II 

II 

M 

1 

UJ 

. 

II 

II 

II 

1 

-I 

t- 

I 

1— 1 

1 

^- 

II 

II 

M 

</)  u 

UJ  3  1-  Q  a  00 

IHI 

UJ 

II 

II 

II 

UJ  z  o  o  o 

1— 1 

z 

Z 

H 

cr 

> 

II 

II 

II 

•~4 

UJ 

1^ 

cr  s  < 

¥-t 

_l 

-1 

a: 

II 

II 

II 

a 

Q  </) 

^ 

3  UJ 

z  o 

II 

II 

M 

< 

> 

z 

UJ  1/1  1- 

a 

t/) 

>  o  o 

II 

II 

II 

aooujujtri-ccoujuj 

l-H 

UJ 

II 

II 

II 

UJ  Z 

I 

1^ 

-1  O  »  cr 

_l 

00 

(- 

II 

00 

II 

II 

I 

•-* 

Z  K 

3  3  0 

UJ 

< 

II 

z 

II 

II 

OHO 

UJ 

oo 

<  i/»  K 

-1  Q  U 

II 

(/I 

o 

II 

II 

z 

^-« 

O  U. 

Q  UJ 

(/) 

(T 

< 

II 

»-• 

II 

II 

3 

.J 

UJ  O 

1-4 

ce 

3  UJ  O 

Z 

• 

II 

3  1- 

II 

Q 

II 

< 

l-l 

a 

-J 

UJ 

(X 

a 

u 

UJ 

'^ 

II 

u 

II 

UJ 

II 

-1 

n 

z 

00 

UJ 

(T  (J  UJ  UJ 

1- 

Q 

II 

1- 

< 

II 

z 

a. 

II 

< 

UJ  o 

1 

1- 

(_)  UJ 

a: 

a 

00 

IT 

II 

II 

o 

>-* 

II 

00 

a 

X 

1— 1 

O  < 

00 

> 

< 

II 

<  Q 

II 

l-l 

3 

II 

00 

< 

t- 

1- 

1- 

z 

Ul  a 

1/1  O 

II 

UJ 

II 

K 

O 

II 

UJ 

u 

<-) 

1 

1-^ 

-J 

UJ 

UJ 

s-/ 

CO 

II 

K 

Ol 

II 

u 

UJ 

II 

00 

O  UJ 

X  Q 

1- 

z 

a 

X 

II 

O 

II 

< 

cr 

II 

(/)  Ul 

z  t- 

(_) 

a 

H 

z 

3  K 

CO 

3 

II 

00 

-I 

II 

II 

< 

a. 

1— • 

O  1-  o 

3  < 

o 

u 

UJ 

II 

<~J 

II 

II 

UJ 

< 

Q 

q: 

<  O 

X 

_l 

a: 

o 

q: 

1— I 

II 

II 
II 
II 

II 
II 
II 

q: 

u 

3 

a. 

X  u 

00 

Q.  O  1- 

a 

> 

II 
_    II 

»-• 

II 

> 

II 

II 

II 

q: 

a. 

o 

II 
II 

II 

II 

II 
II 

Q 

UJ 

II 
II 

z 

II 
II 

1/1 

-I 

II 
II 

on 

t- 

II 

O  1- 

II 

< 

< 

UJ          < 

<        < 

> 

< 

II 

< 

II 

*-» 

z 

II 

z 

z 

(J 

1 

II 

u 

II 

>- 

UJ 

II 

1 

1 

1 

11. 

II 

11 

U  Q 

II 

<_) 

t— 

O  CM 

U  CO 

< 

^ 

II 

II 

< 

1— 1 

II 

00 

1 

l/l    1 

1/1  1 

1/1 

1 

II 

II 
II 

II 
11 

-) 

— 

2C    — 

-)  — 

3 

— 

II 
—    II 

a 
a. 


a 

UJ 

<_i 


II  II  II 

II  II  3  3                                                                                                                                  II 

II  II  a  Q                                                                                                II 

II  II  CJ  -I  UJ                                                                                                                                                 II 

II  II  (/I  cr  II 

II  II  UJ  n                                                                                                                                                              II 

II  Z    II  -J  O  u.                                                                                                                            II 

II  o  II  CO  t-                                                                                                     II 

II  >-   II  <  Q                                                                                                                            II 

II  I-    11  -■  UJ   <                                                                                                                                                              II 

II  Q.    II  >  H  Q.                                                                                                                            II 

II  11  II  q:  II 

II  q:  II  u.  X                                                                                                 II 

II  >-.  U    II  O  UJ  U                                                                                                                                                 II 

u  CE  00  II  a  z  II 

II  O  UJ   II  ::£  <  _l                                                                                                                            II 

II  l/l  Q    II  O  (_)                                                                                                                                                       11 

II  II  <  1/1  UJ                                                                                                                                                 II 

II  II  _i  Ul  q:                                                                                                     II 

II II II 

II  I-  1/)  I-  II  II 

ll<l/)UII —   —                --—                 II 

II  O  •-  <    II  II 

II II II 

II  II  II 

II  II  II 

II  II  II 

II  II  —  II 

II  II  cr  II 

II  cr  II  II 

II  '          UJ    II  O  II 

II  z  m  II  T  II 

M  —   2    II  o  II 

II  U   D    II  O  II 

II  a  z  II  to  II 

II  II  II 


517 


irt  (fl              „ 

-  (D                       II  " 

^                       II  II 

II  II 

II  II 

•  ^                       II  II 

O  03                       II  Ui    I" 

z  o                n  -I  II 

II  »-  D  II 

UJ   lU                         II    l/l  I   Q    II 

C3  I-                   II  I-  I-  (J  UJ   II 

<  «t                    II   U  i>l  —  I    II 

a  Q               II  <  o  uJ  o  II 

II  a  u  3  to  II 

II   5  II 

II  ►-•  II 

"  II                                              

II  I! 

II  (J  II 

II  °=  II 

i:  -°ll<o                            «         S         S        •           !! 

11  S§1I5<                          5<      5<      5< 

II  i/i  II  -  o                                    Zs*?        Z'?        ^^ 

II  111  Z    II    CO    I                                                              Ml                f^    I                ^    '                                       " 

ilQaiir^i/1  rv(/j            !--(/)            r-on                                ii 

II  1/1    HO-)                                                             0-)0-)0-) 

II I' 

II  11                    I                                                                           ^               ^       11 

11  11  ;2  t2;;55                               -    i2^n  >    11 

II  Hzzuj^-jiuini                                         '*'^'^'~.XII 

II  ii>-iuuja:i<xuuj-                                         kkO-i-io       ii 

Mau.£uJOir-a>  uj<i/)>oujii 

iiH„azo</50uj>  sa>iuuj-i-       n 

II  M  !;;  u  «  >       z  z  H  «  cr  a                                        uj  5  o  a  -j  i^  <       ii 

(/)  II  II  z  UJ  :3  o  o      o      -      o                                    ;^  "  ?.  ^    ,  ^  " 

zii  iioQ.ozzx«i/>zo                                   ^^^^:::^°„ 

i/ioii  iioioujiij«i-Kt-_ioiu                                    sooac<'- 

_ii  II           aoa^-o-iuj"!-                                       ►hZccO'-iSQ       " 

OK  11  Qiiiua      a=)izo>oi<                                           <mauiija       m 

(111  UJIISO-IUJI/I        Dl/lUIUJCJ                                                    Z        SiJJUJI-<         II 

I-<11  Ztril«-J<SZUJ11.UJ_1Q                                                          <ZUJCtQ.>^0         II 

II  o  -  II  I-  UJ  z  ui  UJ  o      a                                                   „  "^  „,          .^ 

<  Q  II  «  =)  ii       >  o          zcr      -IS    •                                       ?;o^      „,w* 

UJ   II  I-  O  II   UJ  UJ  -  Z     -  UJ  UJ  H  <  UJ  '-.                                                O  a  X     •  UJ  —  3 

h-l/lll  OUJIIZQK<UJQ:K(r"KQ                                                        H^'~^£« 

on  <o:ii-.      u      Quj«0(-)i/)cr                                         uJZQi-aJ- 

i/i_iii  iiu.QZcc'-<u.(nauj><                                         >oa-cj> 

oil  iiujzDO-Jtraujai/io                                         uj.-0-joq:u^ 

II  llQ<u.u.o^uJO(ru^^^(D                                           Oi-u-iyii-aa:        ii 

-  II II II 

«   II  II 

>  II  II 

a:  a:  II  ii 

O  II  II 

Q  O  II  II 

UJ   II  Z        II                                                                                                          ^             ^ 

l/IKIl  oi-ii<            <                                         <<<<<            < 

<  II  —  z  It  o                                                 O               1/1               > 

(_)    II  (-  UJ    II     I                                                                      I                        '    _               ,', 

iiuQiiu—  oojucnu—                            II 

II  <  ►-■    II    00    I                                                               i/i    I                '^    I                1^    '                                         " 

II  II    -)  CD                                                                   -)  CD                -)  CD                -)  O)                                          II 

II II II 

II  II 

II  II  -■                                                                                           ; 

II  II  o  u.                                                                                                                                I 

II  II    <  U. 

II  II   Q.  O  I- 

II  II  <  1-  :> 

II  Z    II    U  U.  O 

II  O   II         ^  -I 

II  «    II    UJ   _l   _J 

II  K  II  a      o 

II  Q.  II  <  2  a 

II  "   II   u  o 

II  cr  II  1/1  tr  X 

II  •-.  u  II  UJ  u.  o 

II  a  00  II           13 

II  Q  UJ  II  2  >  o 

II  i/i  Q  II  UJ  I-  a 

II  II  cr  «  X 

II  II    U  -I  I- 

II II 

If)          II  K  LO  I-    II 

lll<(/10ll' •"•-               ' 

(M          II  U  •-I   <    II 

O  II II 

II  II 

CM            II  II 

II  II 

^      ■      "  II 

Q.  .      II  II   < 

ct       II  tr  II 

■       II  UJ    II    — 

I-       II  z  m  II  'T 

a.       II  -  s  II  o 

UJ         II  o  3    II    o 

u       II  a  z  II  10 

<       ,1  II                                                                                                                   II 


518 


(0  (0 

-  ca 

II 

~~* 

~~' 

■"*^ 

— 

II 

"~~ 

"*■"" 

"^^ 

"■^ 

II 

^~~ 

~~~ 

~*^ 

—^ 

M 

■ 

— 

— 

— 



—^ 

■Nfc 

II 

II 

II 

II 

^a 

II 

II 

II 

II 

V* 

H 

II 

II 

II 

-     'X. 

II 

II 

II 

II 

O  00 

II 

UJ 

II 

II 

II 

z  o 

II 

II 

1- 

3 

II 
II 

II 
II 

II 
II 

UJ  UJ 

II 

1/1 

I  Q 

II 

II 

II 

O  1- 

II 

1- 

1-  O  UJ 

II 

II 

II 

<  < 

M 

u 

(/I 

i-i 

I 

II 

11 

II 

a.  a 

II 

< 

O  UJ  u 

II 

II 

II 

H 

a  u  s 

t/1 

II 

II 

II 

II 

s 

II 

II 

II 

II 

•-• 

II 

II 

II 

M 
II 
II 

II 

II 

^    II 

II 

-~   II 

II 

II 

II 

II 

o 

II 

II 

II 

II 

at 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

1- 

II 

(0 

II 

<o 

II 

(0 

<0 

II 

< 

cc 

II 

a 

II 

<B 

II 

CO 

CO 

II 

Q  O 

II 

•^ 

z 

II 

\ 

UJ 

II 

^v 

< 

^  < 

II 

i/i 

II 

•— 

< 

II 

*- 

< 

II 

^ 

UJ 

—   UJ 

II 

UJ 

z 

II 

^ 

1 

II 

r- 

1 

II 

.— 

1 

—    1 

II 

D  O 

II 

^* 

<J 

II 

^ 

u 

II 

^ 

u 

V.    <_) 

II 

o  a 

II 

r» 

</1 

II 

r- 

to 

II 

r- 

1/1 

r-  1/) 

II 

II 
II 

ui 

II 

II 
II 

O  -) 

II 

—    II 

o 

-> 

II 
^   II 

o 

-> 

O  -> 

II 

II 

II 

II 

1- 

II 

> 

II 

1 

q: 

II 

II 

z 

It 

u. 

1- 

II 

o 

3 

»• 

II 

II 

UJ 

z 

• 

II 

o 

M 

II 

z 

UJ 

at  at  O 

z  UJ      at 

II 

II 

z 

t-^ 

(M 

II 

< 

_) 

II 

o 

cr 

o 

3  a 

> 

> 

o  cr  o  D    • 

II 

II 

UJ 

O 

II 

z 

CH 

II 

N^ 

«-H 

z  o  a 

cr 

-  -  z  o  - 

II 

II 

-I 

^  (0 

II 

>  O  (D 

II 

1- 

s 

> 

< 

o  o 

1-  S       > 

II 

II 

UJ  a  u 

II 

U. 

*-4 

< 

II 

< 

o 

1- 

O 

<        t3        > 

II 

II 

1-  2  UJ  od 

II 

t^ 

1- 

1- 

II 

-I 

oo 

z 

z 

Ul 

UJ 

_J  00  Z  Z  IX 

II 

II 

< 

»^ 

X 

II 

1- 

O  1/1 

II 

_l 

u 

•-H 

D 

z 

1- 

_1  (J  —  —  O 

(/I 

II 

II 

N-i 

o 

T 

II 

tr 

UJ 

z 

. 

II 

< 

3 

z 

00 

o 

< 

<  S  Z        O 

Z 

II 

II 

a  o 

O 

II 

UJ 

1- 

I 

II 

1- 

O  00 

u 

1-         i-i  O  UJ 

i/l  o 

II 

II 

a 

K 

a 

o 

II 

o 

Ul 

o 

II 

Ul  Q 

< 

z 

t-H 

1- 

00  Q  <   Z  1- 

»-< 

II 

II 

o 

UJ 

II 

Q  a 

D 

II 

z 

UJ 

H 

»-( 

u 

Z    UJ    1-    "H     < 

3  t- 

II 

O 

II 

a. 

a:  m  </) 

II 

a 

UJ  O 

II 

I-i 

»-t 

Z 

cr 

O  UJ 

• 

►H  I-I  z  cr  (J 

u 

II 

UJ 

II 

Q.  O  S  UJ  — 

II 

z 

cr 

1- 

(T 

^ 

II 

u. 

o 

t— ■ 

z 

at 

CE 

U.  O  I-I 

1- 

< 

II 

z 

a. 

II 

a 

3  Q 

II 

< 

o 

(/) 

I 

II 

H 

*-4 

O  S  < 

t-i 

O 

1-  «  (J  3 

II 

o 

*-i 

II 

< 

UJ 

Z  O  > 

II 

u. 

3 

1- 

> 

II 

Z 

Q 

a 

1- 

Z  Q 

< 

Q 

II 

^^ 

Z) 

II 

<r 

Z  cr 

II 

a 

a 

z  a 

II 

Ul  O  00  Z  1- 

U 

UJ  O  01  Z  1- 

Ol 

II 

1-  o 

II 

1- 

< 

r 

o 

II 

o  z 

X 

cr 

o 

II 

z 

Z 

00 

UJ 

u 

UJ 

< 

Z  Z  00  UJ  u 

t- 

l/l 

II 

o 

UJ 

II 

•-« 

S  o  a  O 

II 

_i 

UJ 

1- 

3  O 

II 

Ul 

UJ 

X 

UJ 

1- 

a 

UJ        UJ  X  UJ 

O 

II 

< 

<r 

II 

2  1-  <  O  UJ 

II 

Ul 

1- 

O 

UJ 

II 

-I 

< 

Z 

c_) 

-> 

< 

t- 

-I  <  Z  U  -) 

i/l 

_I 

II 

II 

OQ  U.  Z 

-)  1- 

II 

> 

00 

1/1 

1- 

II 

a. 

a 

>  O 

•-* 

z 

a      cr  >  o 

o 

II 

II 

D  O 

<  < 

II 

Ul 

> 

u 

at 

< 

II 

z 

u. 

< 

< 

CE 

cr 

o 

Z   U.   <   <   IT 

II 
II 
II 

II 
II 

II 

i/> 

I/) 

< 

zu 

II 

~  II 

a  lA  a 

O  u 

II 
—   II 

o 

X 

q: 

a 

a 

o 

«  o  I  cr  a 

»-< 

II 

II 

> 

II 

II 

II 

II 

CE 

o 

II 

II 

II 
II 

II 
II 

II 
II 

Q  O 

II 

II 

II 

II 

lU 

II 

z 

II 

II 

II 

1/1 

1- 

II 

O  1- 

II 

< 

< 

II 

< 

< 

II 

< 

< 

z          < 

< 

II 

l-« 

z 

II 

> 

II 

> 

II 

> 

CJ 

u 

II 

1- 

UJ 

II 

1 

II 

1 

II 

1 

1 

II 

<-)  o 

II 

(J 

^ 

II 

u 

^- 

II 

u 

•— 

l_l  — 

II 

< 

*~* 

II 

I/) 

1 

II 

t/i 

1 

II 

(/I 

1 

00    1 

II 
II 
II 

II 
II 
II 

-> 

fM 

II 

-> 

— 

II 

-I 

— 

^  CM 

II 

II 

II 

II 

H 

II 

•^ 

a 

II 

u. 

II 

11 

II 

m 

< 

II 

II 

II 

UJ 

II 

< 

z 

II 

V) 

II 

II 

o 

II 

1- 

"^ 

II 

00 

II 

II 

o 

II 

LO 

(T 

II 

UJ 

II 

z 

II 

z 

II 

z 

a. 

II 

z 

II 

o 

II 

II 

»-■ 

II 

cr 

II 

II 

K 

II 

ly) 

00 

II 

< 

> 

II 

1- 

II 

Z 

II 

z 

u 

a 

II 

I 

1- 

II 

a 

II 

UJ 

z 

II 

O  (T  UJ 

II 

1— 1 

II 

*-* 

II 

K 

o 

II 

I-* 

1- 

II 

UJ 

_i 

II 

cc 

II 

CE 

II 

1- 

u. 

1/1 

II 

a: 

■-* 

II 

>-* 

u 

II 

UJ 

1- 

II 

1/1  o 

D 

II 

*— 

m 

II 

a. 

l/l 

II 

> 

*-» 

II 

3 

a 

II 

2 

< 

II 

Q  UJ 

II 

Q  i/l 

II 

m 

> 

X 

II 

z 

II 

1/1 

Q 

II 

< 

z 

II 

Z  H  1- 

II 

1/1 

z 

II 

II 

Z 

< 

II 

O 

11 

II 

u 

< 

II 
II 

II 
II 

" 

cr 

II 

—    II 

o 

-1 

> 

II 
—   II 

3 

_i 

in 

II 

1- 

</) 

1- 

II 

II 

II 

1 

II 

< 

<o 

u 

II 

•— 

^ 

II 

V 

^» 

II 

** 

w- 

'—   — 

CM 
O 

II 
It 

u 

•-' 

< 

II 
II 
II 

II 

K    II 

II 
_   II 

II 

II 

II 

M 

II 
II 

II 
II 

II 
II 

II 
II 

t- 

II 

II 

<M 

II 

^ 

II 

^ 

a. 

II 

II 

IT 

II 

a 

II 

cr 

a. 

II 
II 

a. 

Ul 

II 
II 

r» 

II 

II 

0) 

II 
II 

^ 

f- 

M 

z 

m 

II 

T 

II 

lO 

II 

r» 

a. 

II 

■—• 

s 

II 

O 

II 

o 

II 

O 

UJ 

II 

o 

3 

II 

O 

II 

o 

II 

O 

o' 

II 

a 

Z 

II 

(0 

II 

(0 

II 

(0 

x 

1 

ii 

II 

ll 

lu 



~-~ 

— 

•— 

-—' 

— 



— >■ 

^ 

_— — — 

—  — 

— — 

— 

— • 

— ■ 

—.-~ 

-  — 



^— ■ 

— ■ 

^— 

— 

— ■ 

^— 

—  —  —              -^-^ 

519 


—  CD 


O  as 
z  o 


O  I- 
<  < 

a  Q 


II  II  II                    II  II 

II  II  II                   II  II 

II  II  II                   II  II 

II  It  II                   II  II 

II  II  II                   II  II 

II  UJ    II  II                                 II  11 

II  -I  II  II                  II  II 

II  I-  D   II  II                        II  II 

II  </l  X  Q   II  II                         II  II 

M    t-   K   (J  ILI    II  II                                 II  II 

II    U  l/l  —   I    II  II                                 II  ,1 

II    <   O  UJ  U    II  II                                 II  II 

II  a  u  3  to  II  II        II  II 

II  Z  II  II          II  II 

II  •-■  II  II        II  II 

II  II  II       II  II 

II II II II II 

II  M  II                                 II  II 

II  O   II  II                          II  II 

II  (X    II  II                              M  II 

II  UJ  O   II  II                        II  II 

II  h-         M   (O  (O                    II  (O                    II   (O  II  (O 

II  <  ir    II    00  00                       II    CB                       II    CD  II    00 

II  Q  O  II  ^  <  ^  <              II  ^  <              II  ^  UJ  II  ^  UJ 

II  1/1  II  —  UJ  —  UJ           II  m  UJ           M  —  <  II  (C  < 

II  UJ  Z    II    —    I  —    I                 II   O    I                 II    —    I  II    O    I 

II  3  O    II    ^  U  -^  U               M    ^  (_)               II    ^  U  II    ^  o 

II  Q  Q.   M  r»  to  r«  t/j            II  r^  (/)            ii  r«.  (/i  ii  (D  i/i 

II  UO   II   O  ->  O  -5              II   O  -5              II   O  -)  II  o  -> 

II II II M II 

II  II  II                   II  II 

II  II  II                  II  II 

I)  II  11                    II  Q  z      cr    •  II 

II  II  II                        II   UJ  i-i        O  I  II 

II  II  II                            II    I/)         <  u.  U  UJ  (O  II    z 

II  II  II                              II    O  1/5  UJ         <  I  O  5  •  II    < 

II  II  II                   II  a  a  a  to  UJ  K  cr  UJ  —  II           o 

'•  "•  H                   fi  o  I-  <  1-          a  ►-•  II  I-  o  z 

■<  X  II                               no:                U  U.  O         >  >  II    i-i  K  » 

II  II  II                  II  a  UJ  UJ  <  o  f-  •-•  UJ  cr  II  s      a 

to  II  II  II                    II       I  i/i  a           •-■  cr  o  II  CD  q:  z 

Z    "  II  H                              II    O  I-  O  S  Z  1/5  O  II    3  u  3 

I'loii  II  II                   ii3z>-iOK_izujiit>iau. 

•-'    II  II  II                              II    t-  U.                •-■  _l  UJ  O  I-  II 

31-  11  Qii  II       UJ           II       oacQ.t-z>><-'t  iiQujct 

<->"  UJII  II           UJ                  IIUJUJ0<Il/)UJl/5<_)IIZI-0 

i-<ii  zaii  II  zz           iiitO(-_it-uj_iuj  ii<<u.-  II 

II  o  «-■  II  II  o  o           II  I-  z  — •  UJ  z  a      Q  II  1-1      _i       II 

<Qii  «3ii  ii>H«           iioin>uj_i  ■iiuja>^<ii 

UJII  i-oii  II  Ki-           iii/)-iQcujS(-<2^  iicra  >       II 

l-(/)ll  OUJII  II    (JO                 Ml/lLOOQuJCT'-tUJQ  ll<0-JO  II 

Oil  <crii  II  <<  iiujuj           _ioui-(r  iiacrujcc       n 

i/^-lll  II  II  lll/lQUJQQ.Q.UJl/)<IIUja>ail 

oil  II  MOO  Mooujxzsuja>o  Mcrauja       n 

"  II  II  zz  ii<cri-<"cri/ion(n  iia<_i<       ii 

-  II II II II II II 

—   II  II  II  II  II          II 

>  II  I'  11  II  II          II 

cr  cr  II  II  II  II  „          „ 

O  II  II  II  II  II            I, 

O  O  II  II  II  II  II  {.J           „ 

UJ  II  Z    II  II  II  II  ^          „ 

i/i  t-  II  O  I-  II  S    <  2    <    II      <  M  <      <  II  s      <    II 

<  II  I-I  Z  II  CJ  CJ        II  II  >  II  (3           II 

O     M  t-    UJ     II       I  I                             II    UJ  II       I  II       I                                     II 

II  U  Q    II    U  (S  U  CD                II    Z  ^  II    U  —  II    (_)  ^                       II 

M  <  —    II    1/5     I  1/5    1                  M    O     I  II    1/5     I  II    C/1     I                         II 

II  II    2C  C><  ^  CM                  II    Z   —  II    -5   -  II    -)   CM                         II 

II II II M II II 

II  II  II  II  II                                        II 

II  II  II    U.  II    Z  HZ                             II 

II  II  II  II    3  II    3                             II 

II  II  II  t/)  no  no                      II 

"  II  Ml/5  II    cr  II    (T                                II 

II  II  II     UJ  M     <  II    <                                    II 

II  Z    M  II    Z  II  II                                     „ 

II  O     M  II     (T  II     U^  II     1/1                                    II 

II  I-I  II  II  <  >  II  a  II  a        II 

II  I-  II  II  I  I-  II  (-  a  II  (-  a      II 

II  Q-  II  II   •-  II   <  II   <      II 

II  "-II  M    UJ   _l  M    Q   U  II    Q  U                         II 

II  cr  II  M  o:  I-  II  UJ  II  UJ                   II 

II  ■-■  o  II  II  i-i  m  II  >  UJ  II  >  UJ               M 

II  cr  on  II  M  3  <  II  o  1/1  II  o  1/5                II 

M  Q  UJ  II  M       2  II  CE  o  II  a  o                II 

II  1/5  Q  11  II  1/1  2  II  □.  Z  II  a  Z          II 

M  M  II  C_)  <  II  2  II  S               II 

M  M  II  $  _J  II  ^  Q  11  ~  Q          II 

II II II II II II 

U1    II    K  Ul  I-  II  M  II  II  II 

I      II     <  U1  U  II  —  —  —  —  M  —  —  II  —  —  M  —  —          II 

<^     II     U  i-i  <t  II  II  II  II  II 

O     M II I, I, ,1 „ 

Z  "  "  II  II                I" 

^     II  M  II  II  II                II 

II  II  II  II  II                II 

r"    II  II  ~  II  <N  II  —  II  CM            II 

"■II  II  cr  M  q:  II  (t  II  cr                   ii 

ct       II  tr  II  II  II  II                        II 

II  UJ    II    •*  II    ^T  II    05  II   CJ)                           II 

•-       "  z  m  II  1^  II  r-  II  (a  II  00                   II 

'J-         "  —  2    II   O  no  HO  no                         II 

UJ         II  u  3   II   O  no  HO  HO                         II 

'-'II  a  Z    II    iO  II    ;0  II    .^  I,    (2                             „ 


'< 


II 


■I 


II 


•I 


520 


00  (O 
—  CO 


O  03 

z  o 

UJ  UJ 

<  < 

a  Q 


II 

11 

II 

II 

II 

II 

II 

II 

II 

11 

II 

UJ 

II 

II 

-1 

II 

II 

H 

3 

II 

II 

1/1 

r  o 

II 

II 

t-  1-  <3  UJ 

II 

II 

u 

1/1  ►- 

X 

II 

II 

< 

O  UJ  tJ 

11 

II 

a  o  s  1/1 

II 

II 

z 

II 

II 

11 

II 
II 
II 

II 
II 
II 

II 

a 

II 

II 

IK 

II 

II 

ui  o 

II 

II 

K 

II 

to 

1   (O 

1   (0 

II 

< 

OC 

II 

(S 

1   (S 

1    (O 

II 

Q  O 

II 

^ 

UJ 

1    -V 

UJ 

1    >»  UJ 

II 

1/1 

II 

■— 

< 

1  <o  < 

1  —  < 

II 

UJ 

z 

II 

^ 

1 

1  o 

1 

1    ^-     1 

II 

■D  O 

II 

^  (J 

1   ^ 

u 

1  ^  (J 

II 

Q  0. 

II 

r«- 

lA 

1   <B  00 

1  r^  1/1 

II 
II 
II 

00 

II 
II 
II 

o  -> 

1  o  -> 

1  O  -1 

II 

II 

/-N 

1    Ul 

1- 

II 

II 

00 

Q 

a. 

1  Q 

00 

cr 

II 

II 

z 

UJ 

(J 

1    3 

1- 

_l        00        O  -1 

II 

M 

o 

< 

s:  Ul  o  3 

a 

1    -J 

3 

<       Ul       a  <  z    ■ 

II 

II 

(-1 

UJ  (T  X  (->  UJ 

1    U  UJ 

a 

0-         I         Ul  •-■  UJ  --» 

II 

II 

1- 

UJ  (T  O  K 

cr 

*-^ 

*-* 

1  UJ  X 

1- 

3  Q  (J        tr  O  1-  Q 

II 

II 

< 

r  <  2 

a. 

> 

^ 

1  1- 

1  a  H 

3  a  UJ  <          ul  oo  cr 

II 

II 

Q  1- 

o 

UJ 

1    *^ 

_i 

1  a 

ouj>o^    •a>< 

II 

II 

z 

UJ  O  1- 

•-H 

cr 

>       1 

1    Z  UJ 

1       O 

uuJcri-(/ii/iooo 

m 

II 

II 

ul 

u. 

> 

z 

i_( 

(X 

1  m 

> 

1  o  z 

ico^taooh-      — CO 

z 

II 

II 

ZOO 

»-t 

oo 

Z  O         1 

1   3  UJ 

1  1-  — 

o 

q:  w  a  o  o  UJ 

(/I  o 

II 

II 

z 

U  UJ 

1- 

_l  O  O        1 

1     00 

_i 

1       1- 

< 

a      <  u  <  X  m  3 

^m^ 

II 

11 

o  z 

m 

-1 

UJ 

t-^ 

UJ           1 

1   Z  (J 

cr 

UJ          a  1-  u  Ul 

3  1- 

II 

O 

II 

o  o  z 

3 

> 

00 

1-       1 

a  Ul 

1    <   UJ 

-1  (X  —>  Q  Z        IX  —     • 

<_) 

II 

UJ 

II 

UJ 

•-t 

O  > 

1/1 

UJ 

Ul 

<       1 

1  z 

K 

1   -1  z 

(J 

_i<oouj-Hoa>  — 

K   < 

II 

Z 

(T 

II 

IT 

00 

> 

-1 

UJ 

-1 

Q  (J         1 

1  < 

< 

1  a  z 

»-i 

<  3  cr  H       y-       Ul 

II 

o 

II 

UJ 

UJ 

1- 

(T 

1 

»-^ 

1         O 

Q. 

Q  o  <  Ul      i-i  cr  > 

<  Q 

II 

H^ 

3 

II 

Ul  O 

-J 

z 

_i 

Z 

1 

1    UJ 

cr 

1  a  u 

ujcrH-_i_ii/i>->       ir 

UJ 

II 

1-  O 

II 

Q  UJ  Ul  UJ  1- 

< 

UJ 

'-^          1 

1    (T 

a 

1   O    1 

Q 

Q  «S  '_)  UJ  3  1-        z  o 

(-  to 

II 

u 

UJ 

II 

1^ 

a. 

^ 

(Z 

cr 

N^ 

1- 

o 

1    < 

O 

1   _i  00 

Z3ruJ(rQ_i_IO(J 

O 

II 

< 

<r 

II 

> 

O  ir  O  u  00  a       1 

1  a 

a 

1    Ul  oo 

3 

_l        Z        UJ  3  UJ  •-■  Ul 

1/1  _l 

II 

II 

o  cr 

z 

3  a 

ut 

> 

< 

1    UJ 

a 

1    >  O 

OUQZQroO>oO>- 

(J 

II 

II 

a  o 

i~« 

o 

UJ 

a 

00 

O         1 

1    IT 

a 

1  Ul  q: 

q: 

ZZOZtJUJUJuJ< 

II 
II 
II 

— 

II 
II 
II 

Q. 

u. 

5 

cr 

00 

^ 

ID         1 

1  a. 

< 

1  Q  u  o 

"-<o<ooq:_iqo 

1^ 

> 

II 

II 

QE  IX 

II 

II 

O 

II 

II 

Q  C3 

II 

II 

n 

UJ 

II 

z 

II 

-— 

1/1  H 

II 

O  1- 

II 

< 

< 

1  Z 

< 

UJ 

< 

< 

II 

z 

II 

> 

1  o 

1   z 

o 

II 

1- 

UJ 

II 

1 

1 

1    1 

II 

u  a 

II 

u 

^- 

1  u 

^ 

1   o  - 

II 

< 

1-^ 

II 

00 

1 

1  00 

1 

1     00     1 

II 
II 
II 

II 
II 
II 

-) 

— 

1   -1 

— 

1    2£   - 

II 

II 

< 

cc 

3 

< 

a 

3 

1   z  < 

00 

II 

II 

a.  o 

a 

O               1 

1  o  a 

z 

II 

II 

Ul 

-I 

Ul 

-1               1 

1  (_) 

o 

II 

II 

>  O  U. 

1   >  O  u.             1 

1     1    Q 

II 

II 

O  K 

1  O  1- 

1   00  z 

1- 

II 

z 

II 

U 

< 

1  u 

<               1 

1  oo  q: 

u 

II 

o 

11 

z 

z 

z 

Z              1 

1  o  o 

Ul 

II 

!-• 

II 

Z  O  00 

1   z 

o 

l/l             1 

1    IT 

z 

II 

t- 

II 

o 

t~* 

< 

1  o 

*-l 

<            1 

1     O   U. 

z 

II 

a. 

II 

> 

00 

_J 

1  > 

00 

-1            1 

1         O  O 

II 

H^ 

II 

UJ 

UJ 

a 

1    UJ 

UJ 

a            1 

1    UJ 

u 

II 

a 

II 

_l 

O 

1  -J 

Q 

1    _1  C3 

It 

1^ 

u 

11 

Ul 

UJ 

Ul 

1    UJ 

UJ 

UJ 

1    03  Z 

o 

II 

a 

00 

11 

"v 

cr 

Q 

1    ^ 

a. 

Q               1 

*-•  *-t 

•-( 

II 

Q 

UJ 

II 

O 

o 

1  o 

3 

1    00  1- 

a 

II 

i/i 

Q 

II 

Z 

< 

-1 

1   z 

< 

_l 

1  1/1  l_) 

II 

II 

l-( 

UJ  u 

1    )— ) 

UJ 

O                 1 

1  O  Ul 

^ 

II 
II 

1- 

II 
II 
II 

3  K  UJ 

1    3 

cr 

UJ                  1 

1  a  z 

o 

1/1 

1-  i/i 

1 

II 

<  (/I 

<_i 

II 

•— 

— 

1   ^ 

^ 

1    *-   ^- 

CM 

o 

II 
II 
II 

u  -^ 

< 

II 
II 
II 

(N 

II 
II 

II 
II 

h- 

II 

II 

^■ 

1    CN 

1    *" 

0. 

II 

II 

cr 

1    K 

1  cr 

K 

II 

II 

a. 

UJ 

II 
II 

o 

1    O 

1- 

II 

2 

ID 

II 

01 

1  ai 

1  a 

a 

II 

I— • 

S 

II 

o 

1  o 

1  o 

UJ 

II 

U 

3 

II 

o 

1  o 

1  o 

LJ 

II 

a 

Z 

II 

lO 

1   lO 

1   (O 

< 

11 

<l 

521 


O)  tfl 





____ 





^ 



__ 











^ 





'-  CO 

II 

II 

II 

II 

^ 

II 

II 

II 

II 

w— 

II 

II 

II 

II 

^ 

II 

II 

II 

II 

•  ^ 

II 

II 

II 

II 

O  00 

II 

Ui 

II 

II 

II 

z  o 

II 
II 

1- 

_l 

II 
II 

II 
II 

II 
II 

m  lu 

II 

I/I 

X  Q 

II 

II 

II 

C3  1- 

II 

1- 

1-  O  111 

II 

II 

II 

<  < 

II 

U 

00  -. 

X 

II 

II 

f 

II 

a  a 

II 

< 

O  Ui  (J 

II 

II 

It 

II 

a  u  5 

00 

II 

II 

II 

II 

s 

II 

II 

II 

II 

t-l 

II 

II 

II 

II 

II 
II 
II 

II 

^—    II 

II 

II 

II 

II 

II 

o 

II 

II 

II 

II 

a: 

II 

II 

II 

11 

UJ 

O 

II 

II 

II 

II 

1- 

II 

(O 

II 

(0 

(0 

iO 

ID 

II 

II 

< 

tx. 

II 

CO 

II 

oo 

(D 

<B 

CD 

II 

11 

Q 

o 

II 

^ 

UJ 

II 

^ 

UI 

~v 

UI 

^ 

UJ 

-^ 

UJ 

II 

11 

00 

II 

•— 

< 

II 

•— 

< 

9- 

< 

.— 

< 

,— 

< 

II 

II 

UJ 

z 

II 

•— 

1 

II 

CN 

1 

CM 

1 

C^J 

1 

(N 

1 

II 

II 

Z)  O 

II 

\ 

u 

II 

^ 

u 

~v 

(J 

^ 

u 

^ 

u 

II 

II 

Q 

a 

II 

f^ 

00 

II 

r^ 

00 

r» 

00 

!>• 

00 

r~ 

LO 

II 

M 
II 
II 

00 

II 
II 
II 

o 

-> 

II 

~~    II 

o 

-> 

O 

-) 

o 

-) 

O 

-1 

II 

II 

—    II 

II 

II 

II 

II 

UJ 

II 

II 

II 

II 

-I 

II 

II 

II 

II 

t— I 

u. 

II 

II 

II 

II 

u. 

tr 

a 

u. 

O  cr 

cr 

II 

II 

II 

II 

o  o  o 

O  O 

II 

II 

II 

II 

li. 

1- 

:£ 

z 

u. 

1- 

II 

II 

II 

II 

z 

< 

^ 

o 

< 

II 

II 

II 

II 

o 

z 

cr 

Z 

z 

cr 

II 

II 

II 

II 

l-H 

o  o 

• 

K 

o  o 

II 

I/) 

II 

II 

II 

1— 

1-^ 

a 

H 

00 

i-i 

a 

II 

Z 

II 

II 

II 

►-• 

1- 

< 

(-) 

cr 

Q 

K 

< 

II 

1/1 

o 

II 

II 

II 

o 

o 

>  UJ 

< 

Q  U 

> 

II 

t-l 

II 

II 

II 

Q 

UJ 

UJ 

-5 

(□ 

< 

UJ 

UJ 

II 

Z)  t- 

II 

o 

II 

II 

< 

K 

o 

K 

II 

u 

II 

UJ 

II 

II 

o 

X 

<r 

^- 

UJ 

1- 

O  I 

^ 

II 

K 

< 

II 

Z 

tr 

II 

II 

1- 

ir 

00 

a. 

X 

u 

a. 

00 

II 

II 

o 

»^ 

II 

II 

z 

a. 

< 

> 

H 

UJ 

Q. 

< 

> 

II 

< 

a 

II 

>-l 

3 

II 

II 

UJ 

_i 

a 

cr 

_J 

-I 

IT 

II 

111 

II 

1- 

a 

II 

II 

z 

h- 

u. 

3  o 

Ul 

u. 

1- 

U. 

o 

II 

1- 

1/1 

II 

o 

UJ 

II 

II 

UJ 

U 

o  o 

K 

UJ 

<_> 

o 

II 

o 

II 

< 

cr 

II 

II 

_l 

< 

X 

> 

UJ 

< 

cr 

< 

I 

UJ 

II 

(/l 

_i 

II 

II 

II 

a 

a. 

u 

1- 

Q 

a 

<_) 

1- 

II 

u 

II 

II 

II 

s 

s 

< 

z 

< 

a 

o 

s 

< 

< 

II 

II 
II 

II 
II 

II 

-  II 

II 

>-' 

—• 

UJ 

1— 1 

<j 

ID 

1- 

UI 

o 

II 

M 

II 

II 

II 

> 

II 

II 

II 

II 

q: 

cr 

o 

II 
II 

II 
II 

II 
II 

II 
II 

Q  a 

II 

II 

00 

II 

n 

II 

uu 

II 

z 

II 

-J 

II 

11 

t^ 

K 

II 

O  1- 

II 

> 

< 

II 

s 

< 

S 

< 

s 

< 

s 

< 

II 

< 

II 

*-l 

z 

II 

1 

II 

o 

O 

o 

o 

II 

U 

II 

K 

UJ 

II 

u. 

II 

I 

1 

1 

1 

II 

II 

o 

a 

II 

< 

tNJ 

II 

u 

r- 

u 

tM 

o 

m 

u 

•— 

II 

II 

< 

1-4 

II 

00 

1 

II 

00 

1 

00 

1 

00 

1 

00 

1 

II 

II 
II 

II 

II 

3 

•~ 

II 
—  II 

^ 

tsi 

^ 

CM 

a: 

fN 

-) 

n 

II 

CM 
O 


Q. 

cr 


X 

UJ 


II  II  II  II 

II  II  II  <  II 

II  II  II  a  II 

II  II  II  O  II 

II  li  II  a  II 

II  II  II  <  ^                                                                               II 

•I  Z   II  II  >  <                                                                                                      II 

II  on  II  UJ  UJ                                                                                    II 

II  «-"  II  II  _i  II 

II  K   II  II  I  II 

II  a  II  II  00  z                                                                                    II 

II  -•11  II  <  O                                                                                                     II 

II  a  II  II  _i  UI                                                                           II 

II  •-•  u  II  II  u.  cr                                                                           II 

II  q:  CO  II  II  I  u.                                                                               II 

II  o  UJ  II  II  00  II 

II  00  Q  II  II  o  cr                                                                                    II 

II  II  II  I-  O                                                                                                     II 

II  II  II  <  I—                                                                                    ii 

II II II II 

II          t—  00  h-    II  II  II 

II<01UII II —    —                 . —    —                                II 

II    U  •-  <  II  II  II 

II II II II 

II  II  II  II 

II  II  II  II 

II  II  II  II 

II  II  —       II  II 

II  II  cr                II  II 

II  cr   II  II  II 

II  UI  II  —       II  o)  II 

II  Z  (Q  II  (31         II  O)  II 

II  —  s  'I  o      II  o  II 

II  O  D  II  O        II  o  II 

II  a  z  II  (O      II  ;o  II 


II 


II 


ii 


522 


O  «3 

II 

*"~ 

—^ 

II 

~~' 

~ 

" 

~ 

1 

— 

— 



■~~ 

" 

II 

^ 

II 

II 

II 

^- 

II 

II 

II 

^ 

II 

M 

II 

■  >. 

II 

II 

II 

O  CD 

M 

UJ 

II 

II 

z  o 

H 
II 

K 

3 

II 

M 

II 
II 

UJ   tU 

II 

t/1 

r  Q 

II 

II 

O  1- 

M 

t- 

1- 

O  UJ 

II 

II 

<  < 

M 

U 

(/) 

*-• 

r 

II 

II 

a  Q 

11 
II 

<  O  UJ  u 

a  (J  s  1/1 

II 
II 

1  1 

II 
II 

II 

s 

II 

II 

II 

1-4 

II 

II 

II 

It 
II 

II 

II 
II 

II 

II 

II 

II 

o 

II 

II 

II 

a. 

II 

II 

II 

UJ  O 

II 

II 

M 

1- 

II 

lO 

(0 

1  (O 

CO 

II 

II 

< 

QL 

II 

(D 

oo 

1  cs 

CO 

II 

II 

Q  O 

II 

^ 

UJ 

^  UJ 

1   ^ 

UJ 

^  UJ 

II 

II 

00 

II 

^ 

< 

^ 

< 

1    *~ 

< 

—  < 

II 

II 

Ul 

Z 

II 

*- 

1 

^ 

1 

1    •— 

1 

—   1 

II 

n 

3  O 

II 

^ 

o 

^  o 

1   ^ 

u 

-~  u 

II 

M 

Q  a 

II 

r^ 

l/» 

f» 

Irt 

1  r>- 

00 

r-  1/1 

II 

M 
II 
II 

00 

II 
II 
II 

o 

-) 

o 

-) 

1  O 

-5 

o  -) 

II 

II 

II 

II 

u. 

_i 

UJ 

00 

_i 

1 

Ul            1 

II 

II 

II 

o 

< 

_l 

z 

cr 

< 

1^ 

-I  Z  CD 

II 

II 

II 

u 

t-« 

O  UJ 

u 

U. 

«  o  Z 

II 

II 

II 

z 

00 

i-» 

u. 

1^ 

z 

l-H 

Z 

t-4 

U.     "H     3 

z 

II 

II 

II 

o  a 

-1 

K 

1-4 

-1 

O  cr 

t- 

o 

II 

II 

II 

i-i 

UJ 

»^ 

^ 

< 

< 

•-* 

l-H 

Ul 

_l 

> 

^    <   U. 

1— 1 

II 

II 

II 

1- 

z 

K 

CD  00 

:£ 

(J  1- 

1- 

CD 

00 

h- 

> 

< 

_i 

^  u  o 

1- 

II 

II 

II 

IT 

< 

1^ 

uj  S  Z 

Z 

>^ 

Z  UJ  z  z 

1  a 

< 

u 

o 

Z  - 

z 

< 

II 

II 

II 

3  O  < 

^ 

3  UJ 

U. 

o 

^v 

3 

Ul 

1    3  O 

Z 

•— 1 

z 

U.  Z  o 

_i 

II 

(/I 

II 

II 

O 

t-H 

H 

cr 

1- 

00 

»~) 

u 

cr 

1- 

1  o 

»-i 

o 

-I 

Ul 

00  1-  O 

*-^ 

-I 

II 

Z 

II 

II 

> 

u. 

Z 

UJ 

Q  00 

cr 

O 

UJ  a  00 

1  > 

U. 

»-« 

t-4 

00 

cr  Q  « 

1- 

< 

II 

00 

O 

II 

II 

K-< 

O  t- 

Z 

> 

< 

O  h- 

H 

Z 

> 

1-4 

1- 

CD 

LO 

<  O  1- 

< 

K 

II 

M 

II 

Z 

Q  U 

•-I 

< 

00 

CQ  Z  00 

1^ 

< 

00 

1  z 

Q 

< 

Z 

< 

m  z  < 

a 

00 

II 

3 

1- 

II 

Q 

II 

1-4 

O 

OD 

< 

ID 

1    »-* 

O 

-1 

3 

(_) 

< 

Z 

II 

u 

II 

UJ 

II 

z 

K 

a 

-1 

Z 

— 

UJ 

1- 

-I 

a: 

_l 

z 

-- 

Z 

-1 

z 

— 

Ul   1-   " 

a 

t~« 

II 

t- 

< 

II 

z 

cr 

II 

H 

1/1  o 

< 

o 

I  o  m  o  < 

o 

1  t- 

< 

u. 

o 

I  u  u. 

Ul 

II 

II 

o 

l-H 

II 

Z 

• 

< 

IT 

■— 1 

> 

1- 

Ul 

a 

^-4 

> 

1  z 

- 

t- 

O 

K-l 

> 

1-   Ul   »- 

oo 

> 

II 

< 

Q 

II 

1-^ 

O 

II 

UJ 

1- 

-J 

UJ 

3  K 

cr 

-I  O  UJ 

3 

K 

cr 

1    Ul 

1- 

00 

1- 

cr 

-I  cr 

-J 

II 

UJ 

II 

K 

o 

II 

sum 

I 

1- 

< 

o 

UJ 

u. 

q: 

r  K 

< 

o 

1  z 

u 

z 

z 

< 

o 

UJ   U.   Ul 

_i 

03 

II 

H 

1/1 

II 

o 

UJ 

II 

UJ 

UJ 

1- 

U 

q: 

o 

1- 

UJ 

> 

1- 

O 

(T 

o 

1    UJ 

Ul 

l-t 

o  cr 

(J 

1-  UJ   > 

< 

z 

II 

O 

II 

< 

QC 

II 

-1 

-> 

o 

Z) 

< 

UJ 

< 

cr 

a 

3 

< 

Ul 

1  _l 

-> 

< 

Ul 

<  a 

o 

Ul 

II 

i/l 

-J 

II 

II 

a  o 

cr 

a 

a. 

a 

»- 

Q 

cr 

CC 

a 

1- 

1  a 

O 

a 

1- 

a 

»- 

Q       cr 

^-« 

00 

II 

u 

II 

II 

Z  a: 

>  o 

1- 

UJ 

< 

a 

o 

U. 

O 

1- 

UJ 

< 

1  s 

cr 

o 

< 

Ul 

< 

Q.  o  o 

-1 

00 

II 

II 
II 
II 

II 
II 
II 

a 

a 

U. 

00 

00 

o 

o 

1- 

o 

U. 

00 

00 

u 

1    1— « 

a. 

u. 

u 

00 

u 

3  1-  u. 

" 

< 

II 

„ 

II 

> 

II 

II 

II 

(T 

O 

II 
II 

II 
II 

II 
II 

Q 

II 
II 

z 

II 
II 

CO 

n 

II 

II 

ijn 

< 

M 
M 
II 
II 
II 
II 
II 
II 

o 

1- 
o 

< 

K 
Z 
UJ 

Q 

II 
II 
II 
II 
II 
II 
II 
II 

s 
o 

1 
u 

00 

1 

04 

< 

z 
o 

<J 

00 

-> 

1 

t«5 

< 

1  z 
1  o 
1    1 
1  o 
1  oo 

1    2£ 

1 

[SI 

< 

i 
J 
1 

o  — 
1/1  1 
-)  en 

< 

II 
II 
II 
II 
II 
II 

—    II 

II 

II 

II 

o 

UJ 

1    •-• 

UJ 

II 

II 

II 

1- 

1    K 

cr 

II 

II 

II 

UJ 

00 

1  < 

< 

II 

II 

II 

Cj 

> 

1  cr 

s 

It 

II 

II 

< 

00 

1  < 

Q 

II 

II 

Z 

II 

S 

1    Q. 

cr 

II 

II 

o 

II 

< 

z 

00 

1    UJ 

< 

It 

II 

■-^ 

II 

o 

O 

UJ 

1    00 

X 

H 

II 

1- 

II 

a: 

tl 

II 

a 

II 

-I 

H 

t— 1 

1   -J 

z 

II 

II 

•-« 

II 

< 

< 

2 

1  < 

UJ 

> 

II 

II 

a: 

11 

t— I 

a. 

1  o 

1- 

_1 

II 

M 

t-« 

<-) 

II 

1- 

< 

O 

1    t— t 

./)  <n 

II 

II 

a. 

:/1 

II 

z 

a. 

(£ 

1  _l 

> 

Z 

II 

II 
II 

a  UJ 

I/)  Q 

II 
II 

UJ 

1— 

UJ 

(/> 

> 

1    t-« 
1    CQ 

oo 

Ul 
00 

II 
II 

II 

II 

o 

1  s 

z 

(/I 

II 

II 
II 
II 

II 
II 
II 

a 

U. 

£ 

1    3 

O 

< 

II 

-  II 

II 

IT) 

1- 

i/i 

1- 

1 

II 

< 

00 

(_) 

II 

— 

^- 

r~ 

•— 

1    •— 

— 

—  »— 

II 

O 

II 
II 
II 

u 

-• 

< 

II 
II 

II 

—    II 

II 

II 

(N 

II 

II 

II 
II 

II 
It 

t- 

II 

II 

It 

Q. 

II 

II 

It 

OC 

II 

II 

a. 

UJ 

II 

II 

ifi 

1   (0 

It 
II 

1- 

H 

z 

(Q 

II 

o 

1  o 

II 

,". 

II 

>— I 

S 

II 

— 

II 

OJ 

II 

(J 

3 

II 

o 

1  o 

II 

_) 

II 

a 

z 

II 

•o 

1  to 

II 

li 

^ 

_[]_ 

II 

523 


<N 

in 

II 
II 
II 
II 
II 

II 
II 
II 
11 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 

o 

CD 

II 

UJ 

II 

II 

II 

z 

O 

II 
II 

1— 

_i 

3 

II 
II 

II 
II 

II 
II 

UJ 

UJ 

II 

i/i 

I 

Q 

II 

II 

II 

O  t- 

II 

1- 

t-  O  UJ 

II 

II 

II 

< 

< 

II 

u 

(/) 

t— 1 

X 

II 

II 

II 

a 

Q 

II 

< 

O  UJ  u 

II 

II 

II 

M 

a. 

u 

3 

1/1 

II 

II 

II 

II 

z 

II 

II 

II 

II 

HH 

II 

II 

II 

II 
II 
II 

II 
II 

M 

II 
^  II 

II 

-      II 

II 

II 

II 

o 

II 

II 

II 

II 

(T 

M 

II 

II 

II 

UJ 

o 

II 

II 

II 

II 

1- 

II 

to 

II 

(0 

II 

II 

< 

cr 

II 

<o 

II 

IS 

II 

II 

Q 

o 

II 

^ 

UJ 

II 

^ 

< 

II 

II 

i/i 

II 

^- 

< 

II 

^- 

z 

II 

II 

UJ 

z 

M 

-- 

1 

II 

o 

1 

II 

II 

D  O 

II 

•^ 

(_> 

II 

^  (J 

II 

M 

O 

a 

II 

r» 

00 

II 

CM 

00 

II 

II 
II 
II 

to 

II 
II 
II 

O 

-) 

II 
—  11 

— 

-> 

II 

II 

II 

II 

II 

UJ 

00 

> 

II 

II 

II 

II 

1 

-1 

< 

cr 

II 

t— 1 

1 

•— 

II 

II 

II 

1 

D 

o 

UJ 

X  O 

II 

»— 1 

UJ 

II 

M 

II 

o 

Q 

t-t 

H 

r  m 

3 

O 

II 

o 

00 

cr 

> 

II 

II 

n 

z 

UJ 

00 

(X 

t- 

u 

UJ 

z 

UJ 

II 

U. 

z 

00 

_J 

cr 

II 

11 

n 

3 

_i  o  00  o 

q: 

^-1 

o 

1- 

II 

o 

l-H 

UJ 

Ul 

z 

o 

II 

II 

II 

<  o  o  a 

o 

a 

> 

t-H 

< 

II 

a 

z 

>  O  O 

II 

II 

II 

1- 

Z  (£  a  UJ  H 

UJ 

t- 

o 

1! 

z 

cr 

o 

UJ 

»-f 

Ul 

II 

II 

II 

u. 

a 

0. 

(£ 

!-• 

a 

u 

II 

o 

< 

z 

_l 

OO 

1- 

II 

l/l 

II 

II 

< 

UJ 

> 

00 

1.^ 

< 

a 

II 

o  o 

UJ 

< 

II 

z 

II 

II 

I 

a. 

a. 

Z 

z 

UJ 

II 

1- 

UJ  O 

_i 

Q  (J 

M 

1/1  O 

II 

II 

h- 

H 

»-» 

»-« 

O  -1  o 

00 

K 

II 

a 

cr 

cr 

o: 

II 

H-t 

II 

II 

UJ 

< 

K 

(/I 

HH 

UJ 

H-t 

>-l 

< 

II 

_i 

t— t 

Z 

II 

3 

K 

II 

Q 

II 

a. 

a 

Z 

K 

1- 

> 

00 

I 

Z 

II 

o 

- 

1- 

u 

Ul 

<— ^ 

II 

U 

II 

UJ 

II 

UJ  O  UJ 

UJ 

Z 

< 

Ul 

UJ 

^-  O 

II 

i/i 

UJ 

z 

UJ 

1- 

Q 

II 

1- 

< 

II 

z 

cr 

II 

H 

o  a 

Q 

UJ 

Q 

_l 

Q 

1—) 

II 

UJ 

3 

UJ 

a 

00 

cr 

II 

II 

o 

t-H 

11 

< 

Q 

1-^ 

Z 

z 

00 

II 

a 

00  z 

00 

> 

< 

II 

< 

o 

II 

ID 

II 

Z) 

IZ 

UJ 

UJ 

_1 

Z 

Ul 

M 

00   (J 

00 

o 

II 

lU 

II 

1- 

o 

II 

_l 

_l 

UJ 

O 

> 

z 

< 

UJ 

^-* 

Q 

II 

K 

!-• 

UJ 

UJ 

>— ^ 

CQ 

II 

K 

>/! 

II 

o 

UJ 

II 

<c 

< 

•— t 

^- 

o  z 

t-t 

K 

Q 

i; 

cr 

LO 

X 

II 

o 

II 

< 

q: 

II 

> 

o 

a. 

a 

o 

u 

00 

K 

z 

II 

o 

00 

1- 

CD 

3 

1! 

l/l 

_l 

II 

M 

UJ 

•— t 

a: 

00 

a 

(_l 

UJ 

> 

< 

UJ 

II 

a 

t— t 

CD 

■-J 

UJ 

II 

U 

II 

II 

UJ 

-I 

< 

ul  Z 

UJ 

a 

00 

O 

UJ       • 

tl 

UJ 

I 

cr 

o 

cr 

^-9 

II 

II 
II 
II 

M 
II 
II 

q: 

•^ 

m 

X. 

■- 

cr 

i/i 

■— ' 

(S 

CD  - 

II 
^  II 

q: 

H 

00 

K 

a. 

> 

II 

—    1) 

,_, 

II 

II 

> 

11 

II 

II 

11 

Ct 

cr 
o 

M 
II 

H 
11 

II 

11 

II 
II 

Q  O 

II 

II 

II 

03 

II 

UJ 

II 

z 

II 

II 

cr 

II 

1/1 

1- 
< 

M 
II 
II 
M 
II 
II 

o 

1- 
< 

z 

UJ 

Q 

M 
II 
II 
II 
II 
II 
II 
II 

< 
> 
1 
u 

-> 

1 

< 

II 
II 
II 
II 
II 
II 

00 

1 

u 
u. 

OO 

z 

1 

< 

II 
II 
II 
II 
II 
II 
-    II 
II 

II 

It 

II 

II 

a 

UJ 

II 

q: 

00 

< 

11 

II 

II 

■-^ 

II 

00 

UJ 

X 

II 

II 

II 

-I 

q: 

II 

z 

II 

II 

II 

< 

a: 

11 

u. 

Q 

n 

II 

II 

II 

!_) 

< 

II 

o 

z 

z 

II 

II 

Z 

li 

>-) 

m 

II 

D 

3 

II 

II 

o 

II 

_) 

II 

z 

C 

O 

II 

II 

»-4 

II 

i-t 

_i 

II 

o 

cr 

a 

II 

II 

1- 

II 

to 

< 

II 

f^ 

o 

II 

II 

a 

II 

z 

z 

II 

1— 

1— 

II 

II 

1-1 

II 

3 

CE 

II 

< 

z 

o 

II 

II 

II 
II 

a. 

01 

II 
II 

II 

1- 
u. 

UJ 

r 
1- 

II 
II 
II 

> 
cr 

UJ 

UJ 

Z 

z 

II 
II 
11 

II 

Q 

UJ 

II 

< 

II 

1/1 

UJ 

3 

11 

11 

U1 

Q 

II 

a 

11 

uJ 

00 

Q 

11 

II 

II 

H 

o 

11 

a. 

11 

11 

II 
M 
II 

UJ 

o  a 

11 

a. 

CD 

oO 

11 
—    11 

in 

II 
II 

1- 

i/i 

1- 

II 

II 

1 

II 

< 

i/i 

o 

II 

— 

II 

— 

— 

11 

O 

II 
II 
II 

u 

■— 

< 

II 
II 

II 
^—  II 

II 
—    II 

II 

II 

II 

<N 

II 
M 

II 
II 

II 
II 

II 
1) 

1- 

II 

II 

II 

II 

a 

II 

II 

II 

II 

tx 

11 
11 

a: 

UJ 

II 
II 

r*. 

II 
II 

m 

II 
II 

t— 

■I 

z 

(0 

II 

O 

II 

T 

II 

a 

'1 

— 

s 

II 

— 

II 

.— 

II 

u 

tl 

;_; 

Z) 

II 

o 

II 

O 

II 

■J 

II 

a. 

z 

II 

10 

II 

to 

11 

_;_ 



II 

_ 

_ 

_ 

,^_ 

II 

_ 

_ 

_ 

_ 





n 

524 


CM  CD 


O  CD 

Z 

o 

UJ 

lij 

O 

1- 

<t 

< 

a 

Q 

Z 
1/1  O 

3  h- 

K  < 

<  Q 


> 

q;  ct 

o 
Q  o 


1/1 


O 


I- 
a 

IT 


X 


r  Q 

I-  O  UJ 
(/>  -■  I 

O  LU  U 

u  i  i/i 


o 

liJ  o 

<  a 
a  o 

UJ  z 
Z)  o 
a  a 


a 

UJ 

z  at 

o  - 
>-•  r) 

U  UJ 

<  cr 


z 

O  I- 
«  z 

U  Q 

<  « 


Z 

o 

a 

cr 
u 
1/1 


K  1/1  (- 
<  1/1  u 
u  —  < 


cr 

UJ 

z  o 
-  s 

a  z 


03 

^  < 

CN  Z 

—  I 

^  O 

(O  1/1 

o  -) 


CO 
03 


u 
o  -) 


lO 

<o 

(O 

03 

^  < 

^   < 

—  (- 

—  t- 

—   1 

—     1 

■^  o 

^  u 

l~~  (/I 

r-  (/I 

O  -) 

o  -> 

I 
-  a. 

(/I  UJ 
U.  1/1 
CD 


O  3 

u 
UJ  q: 

o  — 
z  (-) 

< 

-I  z 

a  ►- 

s  o 

O  cr 

o  < 

U.   UJ 

o  cr 


1/1  _J 
I-  D 
u  u. 


a  UJ 
Z  >  I 


o 

<B 

o 

00 
I 

<  CJ 
ii  (/I 

cr  -3 

UJ 

K   Z 

cr 
u  Q 

UJ 
z  ►-■ 

O  u. 
»-  «  Q 

t-  u 

<  UJ 

(T  a 


-  a 


o  u 
-1  < 


>  o  < 


cr  u 

0  UJ 
a  a 

UJ  (/I 
IT 
UJ 

•  X 

01  h- 


UJ  Z  O 

U  UJ  I- 

z  z 

UJ  l/l 

a  I- 


Q  > 
z  z 
<  < 


3  3 
O  I/) 
UJ  UJ 

cx  cr 


s     •       - 
UJ  -^  Z 
K  Q  UJ   > 

l/l  a:  UJ  o: 

>  <  m  o 
(/I  o  o 
^^  m  1/1  UJ 

<  )- 

(D  J  I  < 

U  UJ        u 

oc  i-i  z 
a  >  o  Q 

UJ   i-i   UJ 

—  cr  I-  K 

►H         o  < 

z  <  z 

_1  o       o 

UJ  ■-•  1/1  1-1 

>  l/l  1-t  oo 
UJ  UJ  X  UJ 
-I  Q  t-  Q 


>  O 

cr 

<  O  (/I 

1/1  (-  UJ 

1/1  Q 

UJ  tT  O 

u  «  s 

UJ   1/1 

Z  >  I- 

_i  a. 

S  <  o 

cr  z  03 

o  <  < 


> 
tr 
o 
o 

UJ 

I- 
< 


< 
> 

I 

u  — 
1/1    I 

->  — 


II 

II 

II 

II 

II 

II  < 

II  > 


1/1   I 


o 

1 

U_    CM 

o  cr> 

un    1 

1/1   1 

S  - 

-)  — 

z  ir 

-1  o  I- 

Q  <_i 

<   I-  UJ 

-I  z 

Z  U.  z 

s  o 

I-  1/1  u 
CD  u. 

03  cr 

o  a 

z  z  a 

t-  a 

a  01  _i 

0  z  _l 

1  «  tr 
oo  a  I- 


u. 
O 

1/1 

Z  UJ 

O  Q 

«  O 

I-  S 

< 

-•  q: 

u-  O 

~  03 

I-  < 
cr 

UJ  _l 

u  < 


II  1/) 

II  — 

II  o 

II  lO 


525 


n  CO 

CN   00 

II 

~~ 



II 



II 

~^ 

*^ 

II 

II 

II 

II 

II 

II 

^ 

II 

II 

M 

■   ^ 

II 

II 

II 

O  CD 

II 

UJ 

II 

II 

Z  O 

II 
II 

1- 

_l 
3 

II 
II 

II 

II 

UJ   UJ 

II 

lA 

X 

o 

II 

II 

O  K 

II 

h- 

1-  o 

UJ 

II 

II 

<   < 

II 

U 

1/1  ►-. 

X 

II 

II 

a.  a 

II 

< 

O  UJ  U 

II 

II 

II 

a  u  3 

UO 

II 

II 

II 

z 

II 

II 

II 

1-4 

II 

II 

II 

II 
II 

II 
II 
II 

II 

—  II 

II 

II 

o 

II 

II 

II 

(T 

II 

II 

II 

UJ 

o 

II 

II 

II 

1- 

II 

(O 

(O 

II 

(0 

II 

< 

a 

II 

09 

a> 

II 

(S 

II 

Q  O 

II 

^ 

< 

>» 

< 

II 

^^ 

UJ 

II 

(/) 

II 

^- 

1- 

»• 

1- 

II 

^- 

Z 

II 

UJ 

z 

II 

^ 

1 

^- 

1 

II 

cr> 

1 

II 

3  O 

II 

^ 

o 

■«v  o 

II 

^ 

(_) 

II 

o  a 

II 

r^ 

(/> 

r- 

(/) 

II 

r~ 

00 

II 
II 
II 

1/1 

II 
II 
II 

o 

-) 

o 

-> 

II 

O 

^ 

II 

II 

II 

K 

II 

UJ 

1                          — 

II 

II 

1 

(T 

t- 

»^ 

1 

II 

1- 

>    00           " 

II 

II 

»-* 

o 

a. 

i-i 

UJ 

II 

1 

< 

_l 

—  I-        «        > 

II 

II 

z 

CO 

o 

t£ 

II 

3 

3 

UJ 

UJ 

1-  u               (r 

II 

II 

»-• 

UJ  O 

< 

IQ 

1/1 

-1 

II 

-1  O 

-I 

Z 

u  <      -1      o 

II 

II 

U. 

X 

K 

< 

K 

UJ 

Z 

II 

O 

UJ   UJ 

ffl 

Z 

<  a.      UJ  z  o 

II 

II 

UJ 

1- 

> 

-1 

>  C3 

II 

00  Q  a 

l-t 

o 

S        >  O  UJ 

II 

II 

a 

Q  U  UJ 

3 

UJ 

i-( 

*- 

II 

<  "-I 

»- 

1/1 

Q   ■-■          UJ   «   1- 

II 

II 

u. 

UJ  Z  X 

00 

-1 

00 

II 

z 

2  a  a 

Z             _l  1/1  < 

l/l 

II 

II 

-1  O  IT  UJ 

K 

UJ 

UJ 

> 

II 

O  UJ 

UJ 

Ol 

3  UJ                UJ  u 

z 

II 

II 

-I 

»-« 

CJ 

(T 

-1  a  a 

II 

!-<( 

Q  a. 

o 

a 

O  Q  00  _i  Q     • 

on 

o 

II 

II 

< 

UJ 

3  Z  O 

< 

o 

II 

00 

-  o 

00 

a:  «  K  <      ^ 

II 

II 

a 

a 

CT 

(~l 

K 

1- 

•-I 

S  O 

II 

UJ 

>  u. 

O 

> 

<  >  -I  -  S  Q 

3  t- 

II 

o 

II 

UJ  O  UJ  1- 

a. 

u 

UJ 

UJ 

II 

Q  O 

OO 

10 

Z  O  3  u  UJ  q: 

u 

II 

UJ 

II 

>  <_)  <r 

z 

> 

O  UJ 

(- 

t- 

II 

cr  z 

cr  q:  1/1  UJ  >-  < 

1- 

< 

II 

z 

a 

II 

o 

I/) 

o 

K 

a. 

a 

00 

< 

II 

UJ 

a  o 

00 

UJ 

3  a  UJ  a  1/1  o 

II 

o 

KH 

II 

OO 

u 

!_• 

UJ 

00 

> 

u 

II 

z 

>-4 

UJ 

O  *-       cr  00  >  CD 

< 

a 

II 

»-« 

3 

II 

UJ 

u. 

UJ 

_l 

a 

l/l 

II 

■— 1 

O  1- 

00 

< 

Q                i/l 

UJ 

II 

1— 

O 

II 

a 

o 

00 

UJ 

k-H 

UJ 

^-^ 

II 

s 

1-   l_! 

l/l 

S  (J  Z  ►-  OJ  -^  s 

1- 

LO 

II 

u 

UJ 

II 

¥~t 

> 

z 

03 

X 

,-^ 

II 

IZ 

UJ 

UJ 

< 

z  <  cr  I      UJ 

O 

II 

< 

cr 

II 

> 

z 

_l 

l-H 

< 

z 

1- 

ffi 

2 

II 

UJ 

Z  1- 

z 

Q 

«      o  1-  m  — 

i/l 

_l 

II 

II 

o  o 

< 

u. 

a 

< 

u 

UJ 

II 

1- 

o  o 

oc 

cr  >  Q.       _)  > 

u 

II 

II 

(X 

•_! 

Z 

UJ 

< 

UJ  O 

a 

*-t 

II 

UJ 

►-  cr 

< 

O 

3  1-  oj  o  cr  UJ 

M 
II 
II 

II 
II 
II 

a. 

1- 

< 

Q 

u 

1- 

1— 

a 

> 

II 

II 

Q 

1-  a 

X 

1- 

Q  -^  q:  1-  a  cr 

_ 

II 

> 

II 

II 

II 

QC 

O 

II 
II 

II 
II 

II 
II 

o 

UJ 

II 
II 

z 

II 

II 

II 
II 

l/l 

h- 

II 

O  1- 

II 

< 

< 

< 

< 

II 

< 

< 

< 

II 

1— « 

z 

II 

u 

a 

II 

> 

u 

II 

1- 

UJ 

II 

1 

1 

II 

1 

II 

u 

a 

II 

u 

-— 

U  CM 

II 

CJ 

»- 

II 

< 

II 

00 

1 

lO 

1 

II 

00 

1 

M 
11 
II 

II 
II 
II 

-5 

— 

-5 

— 

II 
-~  II 

-5 

— 

II 

II 

II 

1/1 

tl 

Z 

II 

II 

1- 

II 

»^ 

II 

II 

tr 

II 

K 

II 

M 

o 

II 

i-i 

It 

II 

(Q 

II 

5 

It 

z 

II 

< 

II 

II 

o 

II 

II 

UJ 

z 

II 

II 

> 

II 

O 

o 

II 

1- 

II 

u 

11 

< 

t— 

II 

a 

II 

z 

II 

_l 

\- 

II 

i-i 

II 

UJ 

II 

UJ 

u 

II 

cc 

II 

o 

II 

i/1 

UJ 

II 
II 

cr 

lA 

II 

M 

z 

II 
II 

3 

U- 

o 

II 

a 

UJ 

II 

1- 

II 

cr 

II 

lA  Q 

II 

z 

II 

1— 

a 

II 

II 

o 

II 

U. 

II 
II 

II 

II 
II 
II 

u 

II 
II 

< 

o 

in 

1-    CO 

1- 

II 

) 

II 

<   U1 

u 

II 

^- 

^- 

— 

•— 

II 

— 

•— 

II 
II 

■~J  "H 

4 

II 
II 

_ 







II 
—  II 



Q. 

II 

cr 

cr  II 

UJ    II    d 

i— 

z  CD  II  in 

a. 

-  S    II   - 

UJ 

U   D    II    o 

u 

Q.    Z    II    10 

< 

II 
II 
II 
II 
II 
II 

II  PM 

II  33 

II  — 

II  O 

II  CO 
11 


526 


1  ID 

(Nl    CD 


O  CD 

Z  O 

lU  UJ 

<  < 

a.  Q 


C/l 

z 
on  o 

o 
I-  < 

<  Q 

UJ 
I-   00 

o 
u 


> 
cr 
o 
o 

I  (- 
< 


CN 
O 


a 


X 

UJ 


II 
II 

II 

M 

II 

II 

II 

II 

II 

II 

II 

UJ 

M 

II 

_i 

II 

II 

1- 

3 

II 

II 

01 

I 

Q 

II 

II 

H 

h- 

O  UJ 

II 

II 

U 

in 

t— 1 

I 

II 

II 

< 

O 

UJ 

u 

II 

II 

a. 

U 

S  00 

II 

II 

s 

II 

II 

t-H 

II 

M 
II 
II 

II 
M 
II 

II 

C3 

II 

II 

ac 

II 

II 

UJ  O 

II 

II 

t- 

II 

CO 

(0 

CO 

1   <S) 

II 

< 

tr 

II 

CO 

00 

1    CD 

1    CO 

It 

a 

o 

II 

^ 

UJ 

^^ 

01 

1    ^ 

Z 

1   ^ 

z 

II 

01 

II 

w— 

Z 

*— 

z 

1   (0  (J 

1  (0  cj 

II 

UJ 

z 

II 

m 

1 

CO 

1 

1   O 

1 

1  o 

1 

II 

3  o 

II 

■^ 

u 

^s. 

c_) 

1   ^ 

u 

1   \ 

(J 

II 

Q 

a 

II 

r-. 

01 

f^ 

01 

1  cs 

1/1 

1    CO 

01 

II 
II 
1! 

01 

II 
II 
II 

o 

^ 

o 

^ 

1  o 

^ 

1  o 

iC 

II 

II 

UJ 

•— 

— 

II 

M 

O 

1 

01 

i-i 

UJ 

t-« 

cr 

II 

II 

< 

o 

1- 

»-t 

> 

Q 

cr 

01 

•-H 

>       1 

u 

1    UJ 

II 

II 

Z 

o 

_l 

(T 

cr 

UJ 

*-t 

t- 

CE           1 

a 

1  1- 

II 

M 

< 

_1 

3 

_l 

O 

o 

t-t 

s 

_l 

-J 

3         1 

1  < 

o 

-J 

II 

II 

U  Q 

U. 

01 

UJ 

z  o 

u. 

u. 

3  UJ 

z 

O         1 

H-t 

1    •-« 

1- 

< 

II 

II 

l-H 

CJ  O  UJ  >  O  UJ 

1-4 

O  01  > 

o 

UJ           1 

1   h- 

1  cc 

> 

II 

II 

U. 

UJ  O 

_l 

z 

CC 

aj 

»-* 

t- 

01 

^- 

1- 

UJ 

UJ 

►-< 

t-           1 

1   •-* 

-J 

1  a 

_J 

o 

II 

II 

*-l 

o: 

z 

_J 

1— « 

K 

_i 

01 

< 

z 

z 

cc 

-I 

01 

<           1 

1  Z  UJ 

1  o 

< 

cr 

II 

II 

o 

H-i 

z> 

< 

o 

Z 

1- 

UJ 

tj 

o 

UJ 

UJ 

UJ 

U           1 

1  m 

> 

1  a 

1- 

a 

II 

II 

UJ  3  O 

3 

UJ 

oc 

-1 

a 

o 

> 

»- 

-1 

Q 

1    3 

UJ 

1  a 

1— 

a 

II 

II 

a 

at 

z 

-J  t-  o 

< 

-— r 

H 

H-» 

»-i 

cr 

< 

•— V               1 

1    01 

_l 

1  a 

1— i 

< 

II 

II 

(.0 

u. 

< 

1-^ 

(J 

X 

0. 

s  o 

3 

1- 

o 

*-* 

z 

a       1 

1  < 

z 

II 

Q 

II 

o 

z 

z 

UJ 

UJ 

u 

UJ 

cx 

_l 

01 

< 

a 

u 

UJ 

(X          1 

Q 

UJ 

CD 

a    • 

II 

UJ 

II 

_i 

<z 

01 

1— ( 

QC 

UJ 

K 

< 

O 

< 

-J 

UJ 

UJ 

t- 

<       1 

1    Z 

K 

1   z 

3  O  - 

II 

z 

tr 

II 

-1 

01 

3  UJ 

Q 

a 

01  O 

01 

UJ 

UJ 

ac 

a 

01 

O         1 

1    < 

< 

1  < 

00 

u. 

II 

o 

t-i 

II 

< 

1- 

H 

w4 

01 

Z 

01 

> 

o 

a 

ac 

01 

> 

(Q          1 

t— 4 

> 

II 

3 

II 

z 

',— 

cc 

"* 

01 

UJ 

< 

01 

1    UJ 

cr 

1    UJ 

cr 

—  ac 

II 

1- 

O 

II 

1- 

UJ  O 

»-« 

UJ 

UJ 

UJ 

^^ 

a 

01 

o 

UJ 

UJ 

^-/ 

5         1 

1  cc 

a 

1  ac 

o 

o 

II 

u 

al 

II 

cr 

Q 

Z 

> 

1- 

z 

O 

I 

UJ 

O 

cr 

01 

o 

X 

UJ           1 

1  < 

o 

1  < 

U. 

-1  o 

II 

< 

a: 

M 

O 

^^ 

t— I 

»— 1 

*-« 

o 

< 

1- 

m 

l-H 

a 

UJ 

ii 

< 

t- 

ID 

t— •        1 

1  a 

ac 

1  a 

UJ   UJ 

II 

II 

a 

u 

ac 

1— 

CO 

s 

u 

> 

o 

I 

z 

u 

>        1 

1     UJ 

a. 

1     UJ 

cc 

>  K 

It 

II 

UJ 

z 

3 

u 

ac 

1- 

< 

o 

a: 

UJ 

cc 

K 

> 

< 

o 

cc 

UJ             1 

1  cr 

Q. 

1  cc 

o 

UJ    < 

tl 
II 
II 
II 

II 
II 
II 
II 

ac 

•— t 

o 

< 

o 

< 

Q 

1- 

a. 

ac 

a. 

o  m 

o 

1- 

a. 

tu        1 

1  a 

< 

1  a 

Q. 

_l   D 

II 

II 

II 

M 

II 

II 

en 

1  n 

II 

z 

II 

r~ 

•— 

II 

o 

1- 

II 

UJ 

< 

< 

< 

1  z 

< 

1  Z 

< 

It 

z 

II 

z 

> 

1  o 

1  J 

II 

1- 

UJ 

II 

1 

1 

1    1 

1    1 

II 

u 

O 

II 

u 

*— 

o 

— 

1  u 

^ 

1   u 

^- 

II 

< 

II 

I/) 

1 

01 

1 

1  00 

1                   1 

1     01 

1 

II 
II 
II 

II 
II 
II 

■^ 

(N 

-) 

CO 

1   -> 

m 

1   -) 

•" 

II 

II 

1  1- 

UJ 

II 

II 

1     1/5 

1  t- 

O 

II 

II 

Z 

1    3 

< 

II 

II 

H-t 

a.           1 

1   O 

tr 

II 

II 

<           1 

1    UJ 

(J 

II 

z 

II 

1           1 

ac 

1  O 

a 

II 

o 

II 

h- 

1   Z 

3 

II 

»-• 

II 

CM 

1   < 

II 

1- 

II 

1  r 

l/l 

1  r 

LT) 

II 

a 

II 

1  _i 

•— 1 

1  o 

!_) 

II 

»i4 

II 

-\ 

ac            1 

UJ 

II 

tr 

II 

1      CNI 

05                1 

1   Q 

II 

t-H 

o 

M 

1  O  UJ              1 

1   < 

1 

II 

tr 

m 

II 

1   -I 

a          1 

1  o 

II 

a 

UJ 

II 

1     _' 

^ 

II 
II 

i/i 

Q 

II 
II 

1  on 
1  a. 

_i          1 

1   > 
1  < 

c 
o 

II 

II 

1  S 

< 

1  a. 

ac 

M 



— 

--~ 

— 

II 

— 

_ 



— 



--^ 

~~- 

— 

— — 

— — 

— 

^— 

— 

— 

— 

-— ■  — 

1     

^_ — — 

t  — 

— 

—  ..» 

11 

t— 

01 

t- 

M 

II 

II 
II 

< 

01 

< 

II 
II 
II 

II 

— 

— 

— 

— 

— 

— 

" 

— 

— 

— 

— 

— 



— 



II 

II 

II 

II 

II 

II 

II 

II 
II 

a 

II 
II 

II 
II 

z 

UJ 

CO 

II 
II 

CM 
CD 

(J> 

^ 

II 

s 

II 

1      s 

1     CM 

II 

u 

D 

II 

O 

1    3 

1  o 

II 

a 

Z 

II 
II 

<£> 

1    ID 

1  o 

527 


IP  CO 


O  CO 

z  o 

UJ  UJ 

<  < 
a.  a 


II    K 
II   u 


z 

I/)  O 

(-   < 

<   O 

HI 

I-   l/l 

o 


> 

a.  a 

o 

Q  (J 


i/) 


CM 

o 


a. 
a: 


a. 


UJ 

_i 

t-  3 

X  Q 

I-  O  UJ 

1/1  «  r 

O  UJ  u 
U   S  1-0 


<  a: 
Q  O 

{/) 
UJ  Z 
D  o 
a  a 

oo 


Q 

UJ 

z  cr 

o  — 

•-•  3 
»-  O 
U  UJ 

<  cr 


z 

O  I- 

«-  z 

I-  UJ 

U  Q 

<  >-■ 


z 
o 


H  1/1 
Q   UJ 

■yi  Q 


K  lO  I- 
<  to  U 

ij  —  < 


cr 

UJ 
Z  CD 
-  2 

a  3 
a  z 


CO 

^  < 

ifl  > 

^  o 
as  t/i 

o  -> 


a 

z 
t— < 

IT 
UJ 
UJ 

Z 

o 

z 


q:  I 

o  < 


u. 

«  Q 

O  Z 

o  < 


UJ  q: 

Q  < 

-  3 

>  Q 

o  cc 

cr  < 

Q.  X 


I       M 

UJ  S 
u 
<  I/) 

-J  UJ 

a  00 

UJ   3 

a  u. 

X  a 
I/)  s 

►H     < 

_l 

a 

s 
o 
o 
u 

< 


Z  CO 

o  u 
00  a 


I/) 

UJ  _i 

OO  Ul 

3  > 

U.  UJ 

_l 
a. 

S  UJ 

<  I 


O  UJ 


s  - 


z 

Ul 

2 
UJ 

_i 
a 

z    • 

►H    IN 

o 

z  — 

O    I       • 

^  >  — 

f-  o 

<  > 

u  z  a 

«  —  o 

u.  o 

-I  Z  Ul 
Q  O  I- 
O  "I  < 

s  t-  o 


(0 

(O 

(0 

CO 

(D 

00 

^  < 

^  < 

^ 

< 

Ul  > 

in  > 

in 

> 

fv  1 

^  1 

•— 

1 

■^  u 

■^  u 

^ 

U 

(D  00 

CD  00 

(S 

00 

o  -) 

o  -> 

o 

-> 

o 

00 

1- 

u. 
o 

UJ 
00 

UJ 

1/1 

3 

_J 

1- 

UJ 

u. 

»-l 

z 

01 

u. 

Ul 

3 

a. 

s 

u. 

z 

^ 

Ul 

< 

3C 

u 

a 

S 

< 

s 

CM 

-J 

< 

^ 

00 

a. 

'— 

IT 

UJ 

o 

"— 

< 

q: 

UJ 

CO 

Ul 

Z  > 

(- 

z 

«  a 

Ul 

u 

•-I 

z  o 

1- 

Ul 

z 

o 

< 

_i 

r  UJ 

a 

u. 

UJ 

1—  K 

CL 

Ul 

T 

«  < 

D 

ac 

1- 

5  U 

< 
> 

I 

u  — 
00  I 
-)  to 


< 

< 

< 

< 

s 

> 

> 

o 

u 

CM 

u 

n 

u 

00 

1 

00 

I 

c/1 

-) 

CO 

-) 

n 

-) 

o 

z 

>-i  00 
I-  Ul 
O  00 

0  i/> 

1  r) 
1/5  m 

_i  u 
<t  < 

I-   Ul 

z  X 


O  u. 

a  o 


01 

CO 

CM 

o 
<o 


528 


-  to 


O  CD 

z 

o 

LU 

Uj 

O  (- 

< 

<i 

a. 

Q 

II 

II 

II 

II 

n 

II 

II 

II  in 

II  t- 

II    u 

II  < 


z 
l/l  o 

Z)  1- 

<_) 
t-  < 

<  Q 
UJ 

1-  i/l 
O 

i/l  _J 

u 

(SI 

> 

cr  cr 

o 

Q  O 

< 


tfi 


O 


o 

z 

1- 

iT 

o 

a 

r 

UJ 

_J 

X  Q 

(-  O  UJ 

1/1  1-1  X 

O  UJ  U 

O  3  1/1 


o 

UJ 
Z  IX 

o  — 

K  O 

U  UJ 

4  o: 


z 

O  K 

•-  z 

(-  UJ 

U  Q 

<  -• 


>-•  u 
a  UJ 

00  Q 


I-  l/l  I- 
<  </l  u 

U)  "  < 


UJ 
Z   CO 

-  s 
a  z 


U3 
CO 

■^  z 

tN  < 

—  I 

^  <_) 

(O  (/) 

O  -5 


(O 

(O 

(D 

CO 

>>s 

"s. 

s 

CM  < 

^ 

< 

r-        1 

^ 

1 

>.o 

■V.  O 

(O  (/) 

h- 

(/) 

o  -> 

O  -) 

o 

z 

u.  >-■ 

o  > 

o 

z  cr 

o  a 

•-  5 

1/1  HI 
1/1 

=3  a 
U  O 
to  U. 

Q  -J 

< 

UJ     l-H 

Q  h- 
—  Z 
>   UJ 

O  »- 

tr  o 
a  a 


00 
UJ 

(X 

►1  I/) 

O 

a.  < 

o  a. 

z 

>  1-1 

_l  z 

*—*    ^1 

CD  O 

<  3 

a  -I 

<  u 

UJ  z 

s  - 


<  z 


I-  a 

tr  I/) 
o 

a  UJ 

UJ  X 

a:  t- 

o 

•  ^- 
a 

UJ  lO 

>  K 
_1  _l 
O  3 

>  1/1 
Z  UJ 

►H  cr 


I-  Q 

1/1  tr 
>  < 

</)  o 

ffl  s 

U  UJ 
CE  i- 

a  >  I 

UJ 

«  tr 


>  1/1  t- 

UJ  UJ  < 

_i  o  u 


00 

z 

UJ 

1 

1 

o 

13 

1— 1 

z 

z 

Q 

1— t 

Z 

t- 

UJ 

(- 

UJ 

UJ 

UJ 

00  UJ  (D  2 

--  tr 

Q 

t-H 

z 

3 

Q 

a 

o 

z 

X 

U  UJ     • 

-I  t-  < 

z 

-I 

UJ 

cr 

H- ( 

t— 1 

z 

UJ 

t- 

tr  "-i  M 

<   _l   UJ 

< 

fr-t 

_l 

(- 

3 

< 

1- 

a  > 

-no 

CO 

a 

00 

- 

a  -1 

z 

X 

o 

UJ  > 

1-  1/1 

Q 

< 

z 

O  UJ 

< 

o: 

UJ 

t- 

«  a  QC 

Z  UJ  o 

l-H 

a 

t-t 

_i 

00 

q: 

z 

o 

«      o 

UJ  tr  z 

^ 

< 

UJ 

_i 

o 

u. 

H 

00 

z  o 

K              -H 

OO 

i~) 

> 

UJ 

< 

00 

a 

3 

h- 

-1  O  UJ 

Z  1/1  Q 

_i 

X 

UJ 

1- 

UJ 

tr 

_l 

UJ    l-H    t- 

UJ  t-   Z 

> 

s 

ffi 

5 

a. 

t— • 

CL 

K 

D 

>  00  < 

1-  Z  < 

u 

< 

UJ 

3 

Q 

00 

00 

UJ  UJ  u 

O  UJ  _l 

z 

o: 

2 

00 

z 

00 

Q  O 

UJ 

_l  Q 

a  s 

UJ 

1 

O 

o  o 

< 

< 

z  o 

q: 

OJ        ■ 

o 

z 

i/l 

z 

1— 1 

UJ 

_i 

-1  Z     • 

00   >    < 

z 

o 

< 

00 

s 

t- 

Q 

z 

H 

<    LU  ^ 

00  O 

■— t 

1 

UJ 

UJ 

z 

UJ 

< 

q: 

--  K   Q 

UJ  ce  S 

t- 

_l 

a 

_J 

UJ 

> 

O  O 

z 

o 

u  00  a 

in  a.  o 

z 

_l 

CD 

1- 

u. 

-I 

o  a 

UJ   >    < 

./I  5  ct 

o 

o 

< 

X 

•-4 

o 

z 

tr 

UJ 

a  oo  o 

<  —  u. 

u 

tr 

m 

1- 

UJ 

1— 

1— 

3 

u. 

cr 

1/1  —  CD 

< 
> 

I    — 
(-)   I 

CO   — 


UJ            < 

< 

< 

> 

1    tM 

1     ^- 

U    1 

(J    1 

1/1  — 

1/1  00 

-1  — 

-)  — 

tr  CD 

UJ  < 

_i  a 

UJ  < 


Q  Z 

^  UJ 

O  I- 

Z  00 

•-  > 

Q  OO 
Z 

■tf  z 

-J  o 


in 

CO 

o 

o 


529 


oo 


o  <o 
z  o 

111  UJ 

<  < 

a  a 


II 
II 
II 
II 
II 

M 
II 
II 

II  (/) 
II  I- 
II    U 


z 
(/I  o 

■D  I- 

t-  < 

<  Q 

UJ 

h-  00 

O 

00  _l 

u 

(SI 

> 
a:  cc 

O 
Q  O 

kU 

< 


<£> 


r 

t-  13 
l/l  ■-■ 
O  UJ 
U  5 


I/)  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 

II   (O 
II    CO 


s 

—  < 

—  I 
u 


01  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II   1^  I/) 


O  -J 


II 

II 

II 

II  I 

HO         K 

II  I-  UJ 

II  a. 

II  1/1       o 

II  1/1 

II  (T         O 
II         UJ  z 

II  m  u  < 


(T  z 

I/)  <  > 


ID  <  UJ  (/I 

X  CO  U.  z  • 

I-  <  O  (^ 

<  00  u 

z  > 

O  UJ  Z   -I  K 

«   Q  UJ   <  O 

UJ  II    II  (/>•-•  UJ  Z  O 

O  UJ 


z 
o 


Z 
UJ 

o 

•-•II     II    to    I 
2  (N 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

—  II 

II 

II 

II 

II 

II 

II 

z  n 

O   II 

•-•  II 

I-  II 

a.  II 

•-•  II 

cr  II 

U    II 

1/1  II 

UJ    II 

a  II 

II 


UJ  >  i 
Q  O  I- 
uj  q:  UJ 
(T  a  m 


II 
II 
II 
II 

II  — 
II 
II 
II 
II 

II  oo 
II  cr 
II  uo 


I-  < 
<  o 


(O 

a> 

^  UJ 

—  < 

^  o 
I".  (/) 

o  -) 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

II   (O 
II    (S 


y 


^  UJ 

—  < 

r»  00 

o  -) 


I  (T 

•1  o 

U.  z  o 

z  o  Q  r 

o  •-•  u 

O  I-  -I  •-■ 

Z  <  X 

UJ  UJ  u  3 

I-  I-  >-■ 

<  Ul  -I  QC 

z  o:  •-•  ui 

C£  oo  •-• 

UJ  a:  s  a: 

I-  O  3  q: 

_i  u.  < 

<  t-  (D 
z  u. 

a  o  <  -1 

o  —  < 

-I  K  I-  S 

UJ  <  UJ  a 

>  CC  UJ 

UJ  =>  u.  X 

Q  U  O  I- 


O  I-  -I 

q:  <  s 

>  O  •-"  UJ 

K  a  u  t- 

_■  UJ  UJ  uo 

_j  tr  a  > 
to  oo  fl 
<  ^ 

ID 

O  UJ 

tr  o 

a.  < 


in  < 

UJ  a 

N 

>-  X 

S  u 

-^  z 

Z  Zl 

—  < 

S  -I 


.  UJ 

X  oo 

u 

CC 

o  a 


1/1 »-) 

I- 


Z)  UJ 

00    > 


Q 
IT 

< 
O 

CO 

3 

UJ 

l-H 

>   tN 

UJ 
CC    > 

cr 
z  o 

•-•   UJ 

00  I- 

UJ   < 

o  u 


II 
II 
II 
II  u. 
II  o 

II         I 
II  I-      I- 

II   z        •-• 

II  UJ  1/1  3 

M   S  2 

II  UJ  O  ^ 

II 

II 

II 

II 


(J  Q 
<  Z 


Q. 
II    UJ 

II  IT  a 


•-  Q 
2  O 


UI 

I-  I-  Q 
Z  —  Z 


II 
II 
II 

II  UJ 

II  K 

II  1/1 

II  > 

II  00 


II  uJ  (/I 

II  u.  Z 

II  <  (T 

II  1/1  UJ 

II  O 

II  UJ  Z 

II  O  O 

II  Z  CJ 

II  < 

II  cr  £ 


> 

I 

u  — 
1/1   I 

CN 


II    UJ   (0   < 

II  S  cr 

II    UJ  O  UJ 

11-1  a 
II  a  UJ  •-• 
M  S  X  00 
II  •-•  1-  — 

II 

II 
II 
II 
II 
II 
II 

II    UJ 

II  1/1 

M      I 


a  ■ 

o 

>  > 

cr 

z  o 

«  (J 

UJ 

00  I- 

(/i  < 

<  (J 

_i 
(J 

a  I- 

UJ  (J 

2£  UJ 

u  -> 

-  o 

X  cr 

I-  a. 


Q  UJ 

-I  a 

<  a 

o  < 

«  aj 


z  z 

3  CE 

UJ 

I-  I 


-J 
< 
S 

II  cr  UJ 
II  UJ  O 
II   X  < 

II  h-  a 

II  o 

II  cr  0. 

II  UJ  n 

II  I- 


II 


cr 
o 
O  cr 


.^.^^._ 

.^— — >— —  ^— 

■^— ^—    II    — 

—  -^    II 

(-1/11- 
<  00  tj 

—    CM 

(N 

CN   CN 

u  —  < 



II    - 



— 

M 

(M 

II 
II 

II 

-— 

O 

II 

cx 

z 

ac 

II 

UJ 

II 

CM 

1- 

z 

03 

II 

T 

ar 

1-4 

£ 

II 

O 

o 

u 

r) 

11 

o 

a 

c^ 

z 

II 

-.0 

"  2 

II  (o  o 

II   (Z  G 

II  o  z 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  n 

II  •- 

II  — 

II  o 

II  <o 


530 


CO 


O  03 

z  o 

UJ  lU 

<  < 

a  Q 


U} 


11 
II 

II 
II 

II 
II 

II 

II 

II 

II 

II 

II 

■' 

II 

II 

II 

II 

UJ 

II 

II 

II 

_l 

II 

II 

II 

H 

3 

II 

II 

II 

in 

r  Q 

II 

II 

II 

K  1-  O  HI 

II 

II 

II 

<_) 

I/)  « 

X 

II 

II 

II 

< 

O  UJ  o 

II 

II 

II 

a  o  3  lo 

II 

II 

II 

s 

II 

II 

II 

i-« 

II 

II 

II 

II 

II 
II 
II 

II 

II  -^"^-^^ 

II 

II 

II 

CJ 

II 

II 

II 

tr 

II 

II 

II 

UJ  O 

II 

II 

II 

h- 

II 

10 

II   (0 

(O 

(0 

(O 

II 

< 

a 

II 

00 

II   CO 

(D 

(S 

(S 

II 

Q  O 

II 

^ 

UJ 

II    ^  UJ 

^  UJ 

■^  UJ 

^  UJ 

II 

1/1 

II 

^• 

< 

II  ^  < 

—  < 

'-  < 

—  < 

M 

lU 

z 

II 

r~ 

1 

II  •-   1 

II 

U  O 

II 

^ 

o 

II  ^  (J 

^  O 

^  u 

^  u 

II 

Q  Q. 

II 

r~ 

to 

II  r-  01 

r-  ut 

r^  01 

l~  Ol 

II 
II 

i/i 

II 
II 
II 

o 

-> 

HO-) 

II  '~— "^^ 

o  -> 

O  -) 

o  -) 

II 

II 

II 

II 

UJ 

II           UJ 

II 

II 

_l 

II       cr 

X 

>  cr 

II 

II 

»-» 

t- 

on 

I 

II   O  "-I 

K 

_J 

UJ  O 

M 

II 

u. 

z  a  H 

II   Z  3 

o 

< 

UJ  -1 

II 

II 

UJ  o 

•-^ 

II   •-I 

_l 

»-t 

a  X  -1  X    • 

II 

II 

^  S  O  3 

II  a  h- 

u 

a 

j£  1-  <  t-  _i 

II 

II 

^ 

UJ 

z 

II  a  i-i 

1 

UJ 

2i       (3  o  < 

II 

II 

so 

t-^ 

^— V 

II  <  z 

< 

t- 

2  1-        -1  - 

II 

II 

< 

3  UJ 

II  tr  3 

1- 

< 

• 

(-)  X  o  cr 

01    II 

II 

ly) 

-I 

_* 

II   3 

ui  S  1- 

/— * 

01  UJ  U    1     UJ 

Z    II 

II 

cr 

a 

cr 

Q 

• 

II       > 

ffi 

u 

CO 

a  -1  <  <  t- 

O   II 

II 

< 

UJ 

UJ  o 

01 

II    Ul  UJ 

1- 

UJ 

<  U.  Ul  1-  < 

—    II 

II 

m 

q: 

H 

t-* 

01 

II  I  -J 

X 

z 

-) 

H 

o  UJ      UJ  s 

1-    II 

o 

II 

HH 

Z 

< 

• 

II  1-  -I 

h- 

UJ  O 

■ 

_l 

cr  u.  CD 

O    II 

111 

II 

UJ 

1- 

o 

-J 

(SI 

II       < 

I-* 

-J 

q: 

csi 

u. 

UJ        O        K  (V 

<  II 

Z 

a 

II 

I !_)  tr  Q  o 

II  1-  O  3 

< 

a. 

X  O       X  z 

II 

o 

»-H 

II 

1- 

UJ 

o 

z 

> 

II   z 

> 

> 

- 

K  K  O  1-  Ul  > 

a  II 

1— 1 

D 

II 

_l 

< 

q: 

cr 

II    UJ    I 

01 

cr 

cr 

<T 

z  -■  _i  cr 

UJ    II 

1- 

O 

II 

UJ 

U. 

UJ 

UJ  o 

II   S  u 

oi 

3  n  o  o 

UJ  1-  --I  3  <  O 

l/>     M 

<_> 

UJ 

II 

K 

UJ 

I  UJ 

2C  O 

II    UJ    < 

UJ 

oo  o 

'— 

1-  cr  a      >  o 

O    II 

< 

(£ 

II 

< 

cr 

1- 

Q  U  UJ 

II    -1   UJ 

z 

Ul 

> 

UJ 

1 

<  o  a  1-  -i  UJ 

-J  II 

II 

Q 

*-l 

•-« 

K 

II  a. 

cr 

1- 

> 

a  a.  <  —  z>  ^- 

U    II 

II 

a 

o 

u. 

oO 

r 

< 

II  S  u. 

4 

cr 

z 

< 

O 

a  Ul  cr  z  o  < 

II 

CN    II 

II 

II 

3 

1- 

O 

^-^ 

t- 

U 

II  -  o 

II    ^— — ^ 

I 

o 

•-• 

u 

^-^ 

3  cr  3  3  UJ  o 

II 

II 

II 

>     II 

II 

II 

cr  II 

II 

II 

O    II 

II 

II 

(J  II 

II 

n 

II 

CO 

UJ    II 

z 

II 

^- 

II 

^- 

1-  II 

O  H 

II 

s 

< 

II  s 

< 

5         < 

2        < 

2             < 

<  11 

i-t 

Z 

II 

o 

II  o 

O 

O 

O 

U    II 

^- 

UJ 

II 

1 

II    1 

1 

1 

1 

II 

u  O 

II 

u 

.— 

II  (_)  — 

(_)   CSI 

(_)  t^ 

<_>  — 

II 

< 

•1 

II 

00 

1 

II  I/)    1 

01     1 

01     1 

01     1 

II 

II 

II 
II 
II 

-> 

m 

II   :t  tN 

II  '^^■^— 

iC    CM 

^    !N 

->  CO 

II 

II 

II 

II 

II    01 

II 

II 

II    Ul 

II 

II 

II   z 

II 

II 

II  cr 

II 

II 

II  <  > 

II 

Z 

II 

II  r  1- 

II 

o 

II 

II       -• 

II 

II 

1-^ 

II 
II 

II    Ul   _l 

II  q:  -^ 

II 

a. 

II 

II    >-•  CD 

II 

i»i 

II 

II   3  < 

II 

cc 

II 

II        s 

II 

•-4 

o 

II 

II    >  2 

II 

a: 

00 

II 

II    UJ   < 

II 

Q 

UJ 

II 

II   -I  _J 

M 

uO  Q 

II 

II    _l  u. 

II 

II 

II   < 

II 
II 
II 

II 

II 

II   O  01 
II  .^_ 

1- 

00 

1- 

II 

II 

M 

< 

I/) 

tJ 

II 

CM 

(N) 

II    (SI   (N 

CSI  (N 

CM    (SI 

(SI   CN 

II 
II 

o 

-" 

< 

II 

II 

II 

II  -^^ ^— 

II 

II 

II 

II 

II 

II 

II 
II 

II 
II 

II 
II 

II 

II 

II 

II 
II 
II 

z 

cc 

UJ 

II 

II 
II 

n 

II 

II  in 
II  in 

II 
II 
II 
M 

0. 

z 

II 
II 
II 
11 

o 

ID 

II  — 
II  o 

II    IC 

II 

531 


t    J2 


O  03 

z  o 

UJ  UJ 

<  < 


z 

i/l  O 

3  t- 

o 

I-  < 

<  Q 

UJ 


> 
a.  ac 
o   . 

O  (J  II 

111  II 

1/1  I-  II 

<  II 

O  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


lO 


o 

z 


II  II 

II  II 

II  II 

II  II 


UJ  II 

_1  II 


II 
II 
II 
II 
II 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 

Ut    II 

II 
II 
II 
II 
II 
II 
II 
II 

_   II 

l/l   II 

O  II 
I  _l   II 

U    II 

II 

CM    II  - 

II 

II 

II 

II 


I-  3  II  II 

1/1        I  Q  II  II 

I-  I-  O  UJ  II  II 

u  01  ■-  X  II  II 

<  O  UJ  u  II  II 

a  u  2  LO  II  II 
S  II  II 
•-•  II  II 
II  II 
II  II  • 


II 
o  II 


ui  O 


<  K  II 

O  O  II 

(/)  II 

UJ   Z  II 

=>  O  II 

Q  a  II 

l/l  II 

H 


II 
II 
II 
II 

II  (O 

II  CO 

II  -v  UJ 

II  in  < 

II  (N  I 

II  -^  o 

II  1^  l/l 
no-) 

II 


II 
II 
II 
11 

II   (O 

II    03 


II  ^  UJ 

II  —  Z 

II  n  I 

II  ^  o 

II  r^  l/l 

II  O    2£ 


lO 
GO 

>v    UJ 

'-  z 
CO    I 

^  o 
r-  l/l 
O  ^ 


Q 

UJ 
Z  (T 
O  « 
•-I  3 
I-  O 
U  UJ 
<  (T 


II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 


1/1 

z  a 
UJ  o  z 

I-  I-  UJ 
l/l  U  UJ 

>  <  m 

1/1  (T 

I-  i/) 
UJ  Z  < 
I  O  I 
H-  O 

t-  Z  Q 

<  O 

I  -.  UJ 

I-  I-  _l 

<  3 

UJ  a  a 

(T  O  UJ 

3  UJ  I 

1/1  I-  u 

1/1  z  l/> 

<  I-,   w 


UJ 
X 

H  Z 
O 
UJ 

N  < 
>  I- 
-1  < 

<  Q 
Z 

<  K 
X 

O  CJ 


^  o 

l/l  O 

<  o 

h-  a. 


H  <  2     • 

a  i-i  UJ  -^ 

O  U  K  Q 
Q.  UJ  to  (X 

UJ  a.  >  4 
tr  l/l  l/l  o 

UJ 

■  X  m  2 

I-  I-  U  UJ 

X      a  >-•    • 
UJ  o  a  >  CM 

>-•  I-         UJ 

a  > 

a 

z  o 

-I  o  o 

UJ  •-<  UJ 

>  1/1 1- 

>  UJ  UJ  UJ  < 

UJ  o:  _i  o  (_) 


II 
II 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II    UJ 


UJ  u 
O  UJ 
(T   -) 

D  o 

a  a 

a 


II  -I 


-I  U.   1/1  >-■ 

Q  u.        I- 


I  Q  o 

II   UJ        > 

II 
II 
II 
II 


>  _i 

UJ  to 


II    UJ 


1/1  z 

D  — 

< 

x  z 


II    UJ  UJ  •-> 


UJ  K 

X  " 


CM 

UJ 

I-  > 

<  a 
-.  o 
a:  (T  o 
a  3  UJ 
o  o  I- 

QC  >  < 

a  u 
a  o 

<  I-    • 

cr 
UJ  z  o 
D  O  I- 
1/1  >-.  (J 
to  I-   < 

•—  u  a 

UJ  I- 

o  a  z 
z  -  o 

<  Q  u 


z 

O  I- 

—  z 

f-  UJ 
U  Q 

<  « 


II  II 

II  II 

II  II 

II  11 

II  II 

II  II 

II  II   < 

II  II   I- 

II  M      I 

II  II    O   — 

II  II    l/l     I 

II  II    -)  CM 

M  II 


II 
II 
II 
II 
II 
II 
II  UJ 

II  z 
II  I 

II  u  — 

II  1/1  I 

II  X  (M 


z 

I 

U  (M 
00  I 


z 
o 


a. 
—  u 
ac  to 
o  UJ 
yi  Q 


II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

M  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 


Z)  o 
o:  o 
I-  o 
to  a 
z 

—  q: 

o 

-I  u. 

<  I- 
z  z  z 

O  O  UJ 
' i  5 

I-   K  00 

<  <  yi 
a  I-  UJ 

UJ   Z   '/I 

a  UJ  l/l 
O  S  < 


00  l/l 

a  3  z 

<  <  z 
z  r  o 

X  X  o 

II    UJ  UJ 

II  UJ 

II  I-  r)  ij 

II  O  a  a: 

II  X  <  3 

II  a. 

II    U.  rS; 

O  ►- 
to  CJ 

iC  <    3 

<  i3  a 


I-  1/1 1- 

<t  00  u 

u  —  < 


II   II 
II   II 

M     II 


II 

II    (N  M 

II 


II 

II 

II 

II 

II 

(T    II 

II 

UJ     II 

II    CM 

Z  IS   II  II  r^ 

-  5   II  II   - 

'o  ^11  no 

Q.  Z    II  II   U> 

II  II 


II 

II 

II 

II 

II 

II 

II 

(S 

II 

o 

II 

— 

II 

o 

II 

•J3 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

M  II 

II  II 

II  II 

II  II 

II  II 


II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

-  II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

'  II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 


II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 


'I  II  II 


532 


—  (D 











,__ 



ID 

II 

II 

II    II 

'•v 

II 

II 

II    II 

^ 

II 

II 

II    II 

•— 

II 

II 

II    II 

•  ^ 

II 

II 

II    II 

O  OO 

II 

Ul 

II 

II    II 

Z  O 

II 
II 

1- 

_l 
3 

II 
II 

II   II 
II    II 

UJ  UJ 

II 

1/1 

r  Q 

II 

II    II 

O  1- 

II 

\- 

f-  O  UJ 

II 

II    II 

<  < 

II 

O 

00    .-H 

'  I 

II 

II    II 

a.  o 

n 

< 

O  UJ  CJ 

II 

II    II 

II 

a 

<-)  S 

1/1 

II 

II    II 

II 

s 

II 

II    II 

II 

t-H 

II 

II    II 

II 
II 

II 
'  II 

II    II 

II 

II 

■~    II      II 

II   II 

II 

O 

II 

II    II 

II 

cc 

II 

II   II 

II 

UJ 

o 

II 

II    II 

II 

1- 

II 

to 

<o 

(O 

II   II 

II 

< 

oc 

II 

CO 

CD 

CO 

II   II 

II 

Q 

o 

II 

^ 

< 

"^ 

< 

^^ 

< 

II    II 

II 

1/1 

II 

(N 

Q 

CM 

O 

CM 

Q 

It   II 

II 

UJ 

z 

II 

«— 

1 

r- 

1 

r- 

1 

ll    II 

II 

Z)  O 

II 

\ 

o 

\ 

o 

*^ 

O 

II   II 

II 

Q  a 

II 

in 

1/1 

in 

1/1 

in 

00 

II    II 

II 
II 

1/1 

II 
II 
II 

o 

-> 

o 

-> 

o 

-> 

II    II 

II 

■~    II      II 

II   II 

II 

II 

1 

•  1 

OO    1 

II   II 

II 

II 

tr 

3 

UJ  <  u  tr 

<  a 

II   II 

II 

II 

3 

z 

UJ 

O  >  UJ  o 

I  UJ 

II  II 

II 

II 

(J 

K-* 

*-i 

z   1   q:  1-  UJ  o  3 

1- 

II    II 

II 

II 

»-i 

> 

<  U  ii  O  I  U  UJ 

z  < 

II   II 

II 

II 

U. 

z 

UJ 

X  00  Q  <  1-  a  •-■ 

o  u 

II    II 

II 

II 

z 

O  QC 

u  ->      QC      a  > 

t-H 

II   II 

II 

II 

o 

H^ 

UJ  H  O         UJ 

1-  < 

II   II 

II 

II 

u 

(jO 

UJ 

«-      1-  z  1-  -•  a 

o 

II    II 

01 

II 

II 

3  a 

«     •  <  O       -1 

<  a 

II    II 

Z 

II 

II 

< 

_i 

< 

00  ■->  U  (/)         z 

Ui 

II   II 

1/1 

o 

II 

II 

C3  U  5 

-1  —  a      i-_ioi/iH 

II   II 

1— t 

II 

II 

a. 

z 

1- 

uj  o  a  a  _i  UJ  i-i 

•-•  < 

II    II 

3 

1- 

II 

Q 

II 

)-( 

u. 

>  o  o  :3  3  >  00 

X  z 

. 

II   II 

<_) 

II 

UJ 

II 

CD 

ouj^iroi/iujuj 

K   (J  S 

II   II 

1- 

< 

II 

z 

a 

II 

a 

cr 

i/i 

-J  00  a  >  UJ  _j  Q 

UJ 

II  II 

II 

o 

i-H 

II 

t/1 

o 

a      tr 

00 

1- 

II   II 

< 

Q 

II 

»-l 

3 

II 

u. 

_j 

UJ  1-  <  O        -12 

.  UJ 

>^ 

II   II 

UJ 

M 

1- 

o 

II 

1- 

-I 

Q  00         H  1-   <  UJ 

^Q 

II    II 

1- 

i/l 

M 

u 

UJ 

II 

u 

z 

< 

3  UJ  UJ      q:  «  K 

Q 

n 

II    II 

O 

II 

< 

a. 

II 

UJ 

o  a 

-1  3  3  Z  O  U  00 

tr  z 

II    II 

lo 

_l 

II 

II 

_l 

t-< 

UJ 

o  o  OO  o  a  UJ  > 

<   Ul 

> 

II   II 

u 

II 

II 

UJ 

h- 

> 

z  UJ  1/1  ■-■  UJ  a  00 

O  UJ 

QC 

II    II 

n 

II 
II  ' 

II 
II 

1/1 

< 

O 

"  oc  >-  t-  a  OO  w 

m  m  o 

II    II 

►-• 

> 

II 
II 

II 
II 

II    II 
II   II 

a: 

q: 

o 

II 
M 

II 

II 

II   II 
II    II 

Q 

UJ 

II 
II 

z 

II 
II 

II    II 
II    II 

y) 

t- 

M 

O  1- 

II 

< 

< 

< 

< 

< 

< 

II    II 

< 

II 

»-l 

z 

II 

> 

> 

a 

II    II 

u 

II 

1- 

ai 

II 

1 

1 

1 

II   II 

II 

o 

O 

II 

u 

'— 

u 

CM 

u 

CO 

II    II 

II 

< 

•-I 

II 

l/l 

1 

00 

1 

00 

1 

II   tl 

II 
II  • 

II 

II 

-> 

•" 

-) 

— 

-5 

— 

II   II 

-  II    II 

II    II 

II 

II 

II 

II 

l-t 

i-t 

II   II 

II 

II 

C3 

< 

II    II 

II 

II 

•-I 

U. 

II    II 

II 

II 

Q 

II    II 

II 

II 

1 

z 

II    II 

II 

z 

II 

o 

o 

11    11 

II 

o 

II 

1- 

»— ) 

^ 

II    II 

II 

t— t 

II 

1 

1/1 

II    It 

II 

1- 

II 

o 

a 

II    II 

II 

a 

II 

o 

UJ 

II    11 

II 

HH 

II 

_l 

> 

II   11 

II 

□c 

II 

< 

z 

11    II 

II 

•-^ 

o 

II 

z 

o 

II    II 

It 

cc 

1/1 

II 

< 

u 

II    II 

II 

o 

UJ 

II 

UJ 

II    II 

II 

1/1 

Q 

II 

z 

_i 

q: 

II    11 

II 

II 

Q 

< 

D 

II    II 

It 
II  ' 

II 
II 

5 

1- 

_; 

II    II 

1 

II 
II 

< 

l/l 
</l 

1- 

o 

II 
II 

n 

n 

CO 

11    II 
II    II 

CM 
O 

II 
II   - 

<_1 

— ' 

< 

II 
II 

11    II 

II 

II 

M     II 

(SI 

II 
II 
II 

11 
II 
II 

II     II 
II     II 
II     II 

O 

II 

II 

a. 

II     II 

z 

II 

II 

IX 
UJ 

II 
II 

r^ 

II     II 
II     II 

1- 

11 

z 

CD 

II 

IN 

II     11 

cc 

II 

1^ 

s 

II 

O 

11     11 

o 

II 

u 

D 

II 

O 

II     II 

a 

II 

a. 

Z 

II 

to 

II     II 

iLl 

,1 

II 

II     :l 

a 



. 

— 

■^ 

^— . 

— 

— . 

__, 

_, 

— -— - 

_„ 





-^— - 

_______ 

533 


00 


O  CO 

z  o 


O  t- 

<  < 

a.  a 


II 
II 
II 
II 
II 
II 
II 
II 
II  1/1 

II    K 


II 

H 

11 

II 

H 

II 

H 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

10 

II 

z 

II 

o 

II 

•-* 

II 

I/) 

t- 

II 

u 

II 

3 

< 

II 
II 

(- 

Q 

II 

111 

II 

< 

i/l 

II 

O 

II 

1- 

_l 

II 

00 

u 

II 

II 

Q 

II 

LU 

II 

M 

II 

■— I 

»-t 

II 

cr 

tl 

q: 

o 

II 

o 

II 

Q 

UJ 

II 

1- 

II 

i/i 

< 

II 

u 

II 

z 

II 

3 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

IN 

O 

— 

CM 

o 

z 

_l 

t-  ■D 

X  Q 

H  O  UJ 

00  «  X 

O  lU  u 

u  a  i/> 


(X 
UJ  o 

I- 

<  tr 

a  o 

t/) 

UJ  z 

n  o 

o  a 

I/) 


a 

UJ 

z  a 
o  -. 
-.  3 

*-  a 

<_l   UJ 

<  cr 


II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 
II 

II 

II 

II 

II 

II 

II    (O 

II    (S 

II    ^  < 

II    CM  O 

II    —     I 

II    -v   < 

II  m  </) 
II  o  -> 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II  UJ 

II  UJ 

II  z  z 

II  o  o 

II  «  ►-• 

II  t-  I- 

II    (-)  u 

II  <  < 

II 

II 


o  o 
z  z 


z 

O  I- 

•-1  2 

I-  UJ 

u  Q 

<  -■ 


z  — 
O    I 

Z  '- 


cr 
-•  u 
cr  to 
O  UJ 


II 
II 
II 
M 
11 
II 

II 

II 

II  o 

II  1/1 
II 

II  u. 

II  o 
II      1/1 

II    Z   UJ 

II   O  •-" 

II  -<  a 

II   I-  o 
II  1-1  o 

II     Z    LU 

II  ►->  I- 

II  u.  < 

II  UJ  <-J 

II  Q 

II  UJ  >-• 

II  IT  (T 


(O 


^  4/) 
O  -5 


^  z 

(O  < 
—  I 
•V.  (J 
^  1/1 

O  -) 


(/I 

3  • 
I-  > 
<  O 

I-  -D 
l/l  h- 
l/l 
UJ 

z  z 

« tj 

u.  •-• 

111  </1 

O  UJ 
^  Q 
3  UJ 

UJ  a 

>     > 

UJ   -I 

a  > 


-I  3 
3  t/1 
Q  111 
UJ  (T 

r 

O  I- 

(/)  a 
^  o 
I-  a. 

I/I  UJ 

o  ir 


Q  CO 
3  I- 

u  < 
Z  Q. 


UJ  z 
>  o 

111  >-• 

_1  lO 

UJ 

-J  o     • 
<      '-> 

•-•  z  O 
u  UJ  a: 

UJ  I-  < 

a  </i  o 

to  >  (D 

(/I 
UJ  ws 
X      UJ 

t-  (D  >-> 

o  > 

o  a  UJ 

I-  a  a 


< 
> 

I 
u  — 

LO     I 


< 

UJ 

I 

(J  CM 

1/1     I 


<  111 

u  > 

-•  _1 

-I  < 

—  > 

S  I- 

3  U 

UJ 


z  z 

z  o 

o  •- 

O  1/1 

1/1  UJ 

«-!  Q 

a  UJ 


I—  (/)  H- 
<  1/1  U 
U  «   < 


cr 

UJ 

z  n 

-  s 

U  3 
Q.  2 


II 
II 
II 

II 

II 
II 
II 
II 
II 
II 

II  O 
II  O 
II  o 
II  o 
II  u> 
tl 


534 


OO 


O  00 

z  o 

UJ  UJ 
O  I- 

<  < 

a.  a 


I/) 

z 
o 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
H 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 

1/5  I-  II 
O    II 

3  <  II 
11 

K  Q  II 
UJ    II 

<   Ul    II 

O   II 

I-  -I  II 

U    II 

ly)       II 

O    M 
UJ    II 

rsi  II  ■ 

"I  I-.  II 

a  II 

tx  o  II 

(J    M 
O    UJ     M 

I-  II 
1/1  <   II 

U    II 
Z   II 

3  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


l/l 


_l 

I-  z> 

I  Q 

I-  t-  tj  UJ 

U  l/l  >-•  I 

<  O  UJ  o 

a.  u  3  i/» 

s 


t3 

IX 

UJ  O 

t- 

4  (X 

Q  O 

1/) 

UJ  Z 

3  O 

o  a. 
1/1 


o 

Ul 

z  oc 

o  - 

•-  D 
I-  o 

U  UJ 

<  a 


z 

O  I- 

1-  z 

I-  UJ 

u  a 

<t  ■-■ 


(O 


m 

^  z 

(O  < 
—  I 
^  o 

o  -> 


it  1/1 
a  s 

O  UJ 

S  -J 

o 
1/1  o 
3  a: 
o  Q. 

>  O 

UJ  I- 

cx 

a  UJ 
> 

UJ  >- 
i-i  < 

>  -I 

UJ  UJ 

[X  cr 


O 

z 

CL   < 

K  (X 

UJ 

I-  a 
(J  a 

Ul  < 

z  -J 

z  u. 
o 

u  Q 

l/l  z 

-I  < 
o 

1/1 
r  Q 

!-   < 

-  o 

5  -1 


(/I 

<  UJ 

o 

o.  z 

o  < 

-I  I 

UJ  u 

> 

UJ  Z 

0  o 

•  z 

01  O 

Z  I- 


t-  1/1 

Ul  O 

l/l  a 


UJ    I 

u  < 

z  u 

<  ■-• 

S  u. 

a  1-1 

o  o 

U.  Ul 

ex  a. 
ill  t/) 
a. 

o 
t-  z 
u  < 

Ul 
Z  1/1 

z  z 

o  •- 
(_)  o 

l/l  a 
•1  < 
a  z 


UJ 

a  (/>  «-■ 

D  K  — 

I   I-  -I 

UJ  D  U  -I 
CX  U.  (/I  UJ  z 

a      UJ  >  o 

(T  (X  UJ  -I 

Q  O        -11/) 


3  ex  -J 

O  </1  o  < 

2  (X  a  i-i 

UJ  UJ  u 

I-  >  a  UJ 

<  i-i      a 

X  <     -1/1 

I-  3  to 

h-  Ul 

1/1  UJ  I  I 

Z  Q  O  I- 

O  3  •- 

"  _l  -I  O 

K  U  U.  K 


Z  O 
UJ  (X 
K  < 
l/l  O 
>  OQ 
l/l 

Ul 

tri  »— » 

(_;  > 

a:  UJ 
a.  a. 


<  o 

M  K- 
»— • 

z  z 

<  < 

O  -I 

ex  a. 

O 

< 
> 

t-  a 
UJ  o 

_j 


a 
l/l  o 

z 
I-  •-. 
z  o 
Ul  cr 
a.  < 
(X  o 

3  UJ 

u  a 

Ul  z 
r  o 


1/1  >-i 

1/1  l/l 

Ul  o 

ex  a 

Q 

Q  < 

<  o 


UJ 

I-  r 

Ul 

z  z 

Z  <— t 

o 

U  l/l 
1/1  UJ 
-■  X 

Q    H-. 

u. 
X 

U  CD 

Z  z 

•I  < 

I 

r-  Z 

►^ 

UJ    1/1 

r  UJ 


I  l/l  ►-. 

OK" 


I/)  u. 

UJ 

IX  o 

3  I- 
O 

UJ  I- 

O  < 

O  Ul 

q:  ex 

a  X 


o  t- 

l/l  O 

<  I 
UJ  I- 
ac  — 

<  5 


3  _l 

l/l  UJ  Z 

Ul  >  (J 

(X  UJ  >4 

_l  l>1 

I-  Ul 

CE  -I  Q 
O  < 

a  HH  z 

Ul  U  Ul 

q:  Ul  K 
a 
l/l 


K   X 


<  o 
lo  I- 


i/l  o 
>  ID 

l/l 

UJ 

en  ■-. 
u  > 

CC   UJ 

a  ex 


> 

I 

u  — 
00   I 


< 

O 

I 
u 

00 


iX 

►-  o 

CC   1/1 

O  Ul 

00  Q 

o 

z 


a: 
O 
a 

OJ 
X 


t- 

l/l 

1- 

< 

00 

o 

u 

" 

< 

(X 

ul 

•— 

z 

m 

o 

*-• 

z 

o 

1-1 

3 

o 

a 

Z 

10 

535 


CO 


O  CD 

z 

o 

UJ 

UJ 

(J 

1- 

< 

< 

a 

a 

z 
o 

on  (- 

u 

3  < 

I-  Q 

111 

<  i/l 

O 


Q 

UJ 

M 

I— «  t—t 

CC 

a.  O 

O   UJ 

K 

1/1  < 

CJ 

z 

3 


o 


o 

z 


O 


II 

II 

II 

II 

II 

M 

II 

11 

II 

II 

II 

UJ 

II 

11 

-I 

II 

II 

1- 

3 

II 

II 

1/1 

r  Q 

II 

II 

K  t-  O  UJ 

II 

11 

CJ 

i/l 

t-H 

r 

II 

II 

< 

O  UJ  u 

II 

II 

Q. 

u 

5  t/l 

II 

II 

S 

II 

II 

•-I 

II 

II 
II 
II 

II 
II 
II 

II 

o 

II 

II 

cr 

II 

II 

UJ  O 

II 

II 

t- 

II 

(0 

1   (0 

1    CO 

II 

< 

IX 

II 

o 

1    CO 

1   CO 

II 

Q  O 

II 

"^ 

Z 

1    -V  S 

1  ^  z 

II 

1/1 

II 

<o  <            1 

1   01  < 

1    CO   < 

M 

UJ 

z 

II 

r- 

1 

1  —    1 

I    •—     1 

II 

3  O 

II 

^ 

O                1 

1  ^  u 

1  ^  u 

II 

Q  a 

II 

T 

1/1 

1    If)  CO 

1    V   C/1 

II 
II 
II 

00 

II 
II 
1) 

O 

-> 

1  o  -> 

1    O  -5 

II 

II 

1            1 

1- 

3 

UJ 

II 

II 

1        S  (/) 

O 

1 

I 

1      < 

II 

II 

1       cr 

UJ 

-I 

Q  t- 

_l 

1  (/I 

II 

II 

1         O  K 

UJ 

U. 

3 

K 

<  z 

1   1-  C3 

UJ  CD  S 

II 

II 

1    Q  U. 

X 

-1  Q 

o: 

»-* 

UJ 

^ 

1   Z  Z  1- 

I  O  UJ 

II 

II 

1    Z  (T  1-  1- 

(M 

<J 

z 

O  U  H  Q         1 

1    UJ  l-l 

(/) 

H 

a.  •-• 

II 

It 

1   <  UJ  u 

O 

Z 

< 

Q. 

UJ 

00 

cr       1 

1  Z  1- 

UJ 

a  > 

II 

II 

1       a. 

< 

z  o 

UJ 

a 

> 

<       1 

1    Ul  CJ  1- 

o 

UJ 

II 

II 

1    UJ 

a 

o 

00 

a  00  c/1  o       1 

1  a  3 

H 

<->  a. 

II 

II 

1   -1  u. 

z 

z 

• 

UJ 

s.^ 

01          1 

1   "  Q 

z 

t-i 

II 

II 

1  3  o 

•1 

00  O  00  Z 

UJ 

1 

1  3  z  s 

oo 

z 

II 

II 

1  o 

a 

H4 

UJ 

1-4 

o  X  m  s      1 

1  ao  o  1- 

-1  a 

II 

II 

1    Ul  00  UJ 

Z  00 

> 

_l 

_j 

1- 

CJ 

UJ           1 

1   UJ  u 

a 

-I 

UJ  >-■ 

II 

Q 

II 

1  r  t- 

-1 

< 

UJ 

_l 

o 

(T 

1—) 

1  cr 

H 

■D 

>  00 

II 

UJ 

II 

1    <_)  O  U  OO  Q 

< 

K 

U. 

o 

a 

>       1 

1       1- 

3  (/I  UJ  UJ 

II 

z 

a 

II 

1    OO  < 

•^ 

> 

UJ 

HH 

1- 

UJ          1 

1  UJ  cr 

.1. 

Ul 

-1  Q 

II 

o 

II 

1       a. 

K 

UJ  O 

-1 

z 

1^ 

(X          1 

1  z  o 

00 

cr 

II 

u 

II 

1   UJ  z 

a 

1- 

z 

_l 

1- 

< 

lo 

»-• 

1  -.  a 

-1  Z     • 

II 

t- 

o 

II 

1    Q  — 

< 

•-H 

l-l 

O 

3 

z 

H- 

Z          1 

1  z  a 

C3  1- 

<  lU  ^ 

II 

u 

UJ 

II 

»^ 

a 

X  1- 

(T 

o 

-1 

_l  c3        1 

1  a  3 

a. 

—  1-  Q 

II 

< 

<r 

II 

1  >  1- 

5 

00 

1- 

3 

3 

Ul 

>-l        1 

1  Ul  00  o  o  u  00  cr 

II 

II 

1  O  00 

o 

*-* 

Z 

o 

o 

00 

> 

OO        1 

1  1- 

q: 

a 

UJ  >  < 

II 

II 

1   CE  O 

z 

1- 

X 

o 

z 

-J 

UJ 

UJ 

UJ           1 

1  Ul  O 

Ul 

UJ 

a  00  o 

II 
II 
II 

II 
II 
II 

Q.  U 

►-• 

< 

Ul 

<_) 

1— 1 

u. 

ac 

-1  Q         1 

1   Q  1- 

M 

(T 

00  —  tn 

II 

II 

M 

II 

II 

II 

1    UJ 

II 
II 

z 

II 
II 

1  Z 
1  (/I 

II 

O  K 

II 

< 

< 

1  < 

< 

1    lO 

4 

II 

■— • 

z 

II 

> 

1     UJ 

1 

II 

1- 

UJ 

II 

1 

1    1 

1  o 

II 

U  Q 

II 

u 

(N                 1 

1    O  '- 

1   u.  — 

II 

< 

»-H 

II 

00 

1                  1 

1    00     1 

1  (/I  1 

II 
11 
II 

II 
II 
II 

—> 

m           1 

1  -J  — 

z  - 

II 

II 

1  >  < 

CJ3  cr 

II 

II 

1       a. 

1  z  UJ 

00 

II 

II 

1   -1  z 

1    00  Q 

z 

II 

II 

1   O  •- 

1        z 

o 

II 

II 

1  an 

1    >   3 

(-• 

II 

z 

II 

1    H  UJ 

1    _1 

1- 

II 

o 

II 

1    Z  _J 

1    >   -I 

I..I 

II 

I-* 

II 

1  o  u 

1  a  — 

Q 

II 

1- 

II 

1  o  •-• 

OO 

1       < 

z 

II 

CL 

II 

1       1- 

H 

1  Z  u. 

o 

II 

*-* 

II 

1  S  tr 

CJ 

1  < 

u 

M 

a. 

II 

1  o  < 

UJ 

1  _i  1- 

II 

l-« 

u 

II 

1  -1  a 

U. 

1    01   Z 

Cj 

II 

a. 

on 

II 

1  u. 

u. 

,  "    '» 

1         1        l-H 

II 

a 

UJ 

II 

1          UJ 

UJ 

1  -  o  o 

M 

1/1 

Q 

II 

1    <NI   > 

1    1-  Q. 

cr 

II 

II 

1   O  -1 

1- 

1    Z 

Ul 

II 

II 
II 

II 
II 

1  o  < 

u 

1    <   -J 

tvj 

K 

i/i 

1- 

II 

II 

< 

00 

u 

II 

II 
II 

u 

— 

< 

II 
II 
II 

II 

II 

II 

11 

II 

II 

II 

1  .— 

II 

It 

1  cr 

II 

cr 

II 

II 

UJ 

II 

^- 

1    CN 

1   V 

II 

z 

OD 

II 

o 

1    O 

1  o 

II 

>-4 

s 

II 

o 

1  o 

1  o 

II 

II 

a 

Z 

II 
II 

o 

U3 

1  o 
1    lO 

1  o 

1   lO 

536 


«T  to 

II 

- 

1 

1 

II 

^ 

II 

II 

^— 

II 

II 

^- 

II 

II 

•  -^ 

II 

M 

O  IS 

II 

UJ 

II 

z  o 

II 

II 

\- 

_i 
3 

II 
II 

UJ  UJ 

II 

01 

X  Q 

II 

O  H 

II 

K 

1- 

O  UJ 

II 

<  < 

M 

U 

00 

i~i 

X 

II 

a  o 

II 

< 

O 

UJ 

u 

II 

M 

a 

o  i  00 

II 

II 

s 

II 

II 

•-H 

II 

II 
II 
11 

II 

—   II 

II 

II 

tj 

II 

II 

cr 

II 

II 

UJ  O 

II 

II 

t- 

1   (0 

(O 

CO 

II 

II 

< 

tx. 

1  <o 

CD 

CS 

II 

II 

Q  O 

1  ^ 

z 

^  s 

•^  z 

II 

II 

00 

1  <a 

< 

CO  < 

CO   < 

II 

II 

UJ 

z 

1  •- 

1 

^    1 

»—     I 

II 

II 

13  O 

1  ^ 

u 

•V  CJ 

^  u 

II 

II 

o  a 

1  t 

00 

"?  </) 

T  1/1 

II 

II 
H 
II 
II 

00 

1  o 

-> 

o  -) 

O   —1 

II 

—   II 

1- 

UJ  UJ 

z 

II 
II 

II 

1  z 

ce. 

ex  z 

UJ 

S  I/) 

f^ 

II 

II 

1  s  o 

O  -1 

<    HH              UJ 

_l 

O  K 

i-i 

II 

II 

1   O  1- 

a 

<  z 

2  Z        Z 

UJ  CO  3 

00  C3 

-I 

Q  -J 

II 

II 

1  a 

O  UJ 

UJ 

/— N 

Q  cr       to 

I  CJ  UJ 

00  Z 

_l 

1-  3 

_l 

II 

II 

1    K 

00 

z 

a  O  K  Q 

IX  UJ  U.  lO 

h-  cr  ■-• 

UJ  « 

< 

3  00  UJ  Z 

II 

II 

1    Z3  UJ  Q 

1— « 

UJ 

00 

a: 

<  H  O 

a  > 

00  00 

I  UJ 

>  13 

II 

<0 

II 

1  X  a. 

UJ 

00 

> 

a 

> 

< 

I  UJ         K 

l/l  O         UJ 

00  ^ 

z 

oo  a 

UJ     1-4 

II 

Z 

II 

1    l/S  3 

> 

Z  </l  00  00  o 

Q  00  I/) 

UJ  (-  -<  a 

<  UJ 

I-I 

_l     I/) 

II 

o 

II 

O  O  UJ  UJ 

v.^ 

(S 

cr      o  z 

Ct              H- 

3 

UJ  K 

UJ 

II 

*-< 

II 

1    UJ 

UJ 

a. 

u. 

IX 

UJ 

UJ  o  o  -• 

3  00       z 

-00 

00 

X  a 

_l  Q 

II 

00 

1- 

II 

1  z 

u 

c 

UJ 

3  I  m 

3 

K  1-  X   < 

_1  1-  -I  13 

O  00 

UJ 

K  o 

< 

"^ 

II 

(_> 

II 

1    »-< 

o 

Z  a 

_i 

1- 

CJ 

UJ 

-        t-  13 

-1  _l  UJ  i-i 

^-1  i-H 

cr 

a 

-  Z 

Q 

II 

Z) 

< 

II 

Q 

1  o 

cr 

»-* 

cr 

*-4 

CD  00  UJ  < 

<  3  >  1/1 

(/) 

3 

U.  UJ 

CJ  UJ 

cr 

II 

II 

UJ 

1  z 

0. 

u. 

<  o  a 

> 

cr  UJ  z 

u.  oo  UJ  UJ 

a  > 

_i 

o  cr 

UJ   \- 

< 

II 

1- 

Q 

II 

z 

cr 

1    UJ 

^ 

UJ  o  U. 

1- 

UJ 

o  ex      o 

UJ  _l  O 

o 

i-i 

a  00 

o 

II 

liJ 

II 

o 

UJ 

z 

)_« 

cr 

3  Q  Z 

z  cr 

UJ  z 

< 

00 

oo  > 

CD 

II 

< 

i/l 

II 

3 

1    UJ 

tr 

•— » 

00 

1- 

00 

»-• 

UJ  O  UJ  >-■ 

S       -1  s     • 

I  < 

U. 

1-     • 

00 

II 

O 

II 

t- 

o 

1   rg 

< 

z 

Q  00  1- 

z 

M  UJ  >  00 

O  1-  <  UJ  '-> 

H-   Q 

z  z 

UJ  — ' 

S 

II 

1- 

_l 

II 

u 

UJ 

1   > 

S  tr  o  z 

-I 

-1  o 

>  CJ  o  z 

Q  a  —  K  Q 

Z 

\- 

UJ  UJ 

X 

UJ 

II 

l_) 

II 

< 

a 

1   -1 

Q 

UJ 

X 

1— • 

3 

Ul 

»-i 

-1  O  ex  UJ 

K  o  u  00  cr 

I  3  Z  Z  1- 

1-  CD 

*-i 

II 

l/l 

M 

1   < 

<r 

1- 

(- 

< 

00 

> 

00 

<  cr  0.  u. 

3  a  UJ  >  < 

1-  Ci 

1-1 

UJ  C/1 

(J 

> 

II 

Q 

II 

1   Z 

< 

UJ 

UJ  O  UJ 

UJ 

UJ 

z  a  z  UJ 

r  UJ  a  00  o 

I-.   UJ 

O 

-1  > 

O  IX 

UJ 

II 

UJ 

II 
II 
II 

1   «X 

I 

Q  S 

< 

cr 

-1  Q 

<  ^  •-'  Q 

i/i  cr  00  ^  CD 

5  cr 

a 

UJ  00 

1-  a 

a. 

II 

—   II 

^ 

II 

<X. 

II 

II 

a  o 

\, 

II 

O 

II 

1     UJ 

II 

Q 

LU 

II 

II 

z 

1   5 

1     00 

II 

M 

(>n 

< 

II 

O  1- 

1  00 

< 

4                < 

UJ 

< 

II 

(J 

II 

z 

1    1 

> 

t- 

II 

z 

II 

1- 

UJ 

1  u 

1 

1 

M 

3 

II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 

< 

Q 

1   u. 
1  1/1 

1   Z 

1 

CM 

u  •- 
oo    1 

-)  CO 

CJ  — 
00   1 
->  ^ 

II 

II 

II 

—   II 

z 

II 
II 
II 
II 
II 
II 
II 

II 

o 

II 

II 

t-t 

- 

II 

II 

1- 

II 

II 

a 

II 

II 

NH 

II 

II 

cr 

II 

II 

•-H 

o 

II 

II 

a. 

00 

II 

II 

Q 

UJ 

11 

II 

00 

Q 

M 

II 

II 

CO 

II 
II 
II 

II 
-    II 

1- 

00 

>— 

II 

I 

II 

< 

00 

u 

II 

(Si 

o 

II 
II 
II 

(J 

~ 

< 

II 
-    II 

II 

CM 

II 
II 
II 

II 
II 
II 

o 

II 

II 

z 

M 
II 

a. 

UJ 

1   T 

II 
II 

1- 

II 

3 

CD 

1   o 

II 

a 

II 

»-« 

S 

1  o 

II 

o 

II 

O 

D 

1  o 

II 

a 

II 

a 

z 

1    (0 

II 

;^ 



II 

537 


in  (0 

IS 

II 

^"^ 

"^ — 

— 

II 

~"~ 

~^' 

^_^^ 

—  —^'' 

^^^ 

^^ 

■^~' 

"~ 

"  „ 

" 

~ 

^ 

II 

II 

,. 

II 

II 

_ 

II 

II 

•  '^ 

II 

II 

o  « 

II 

UJ 

II 

n 

z  o 

II 
II 

1- 

_i 
3 

II 

II 

II 
n 

uj  uj 

II 

1/1 

X  Q 

II 

II 

O  t- 

II 

1- 

1-  O  UJ 

II 

II 

<  < 

II 

o 

1/)  1-. 

I 

II 

II 

a  Q 

II 

<  O  UJ  o 

II 

II 

II 

a  u  3 

(/) 

II 

II 

II 

s 

II 

II 

II 

NN 

II 

II 

II 
II 
II 

M 
II 
II 

II 

-  II 

II 

— 

II 

O 

II 

II 

II 

ac 

II 

II 

II 

UJ  O 

II 

11 

II 

K 

II 

(0 

(O 

II 

(0 

(0 

II 

< 

cr 

II 

CO 

IS 

II 

ID 

<s 

II 

Q  O 

II 

^ 

s 

^ 

z 

II 

^ 

z 

■V. 

II 

(/I 

II 

<o  < 

(0  < 

II 

10 

< 

(0 

II 

UJ 

z 

II 

1 

^ 

1 

II 

^ 

1 

^ 

II 

a  O 

II 

-^  o 

■^  u 

II 

V^ 

u 

^ 

II 

o  a 

II 

^  I/) 

^  1/1 

II 

'S' 

OO 

V 

II 
II 
II 

(/) 

II 
II 
II 

o 

-i 

o 

-> 

II 
■"  II 

o 

-> 

o 

II 

II 

M 

• 

a 

z 

1 

II 

1- 

II 

II 

1-  o  > 

Z 

UJ 

< 

II 

1- 

z 

1 

*-< 

II 

II 

Z  Z  O  UJ  < 

Ul 

u 

II 

• 

00 

UJ 

00 

00 

►■H 

II 

II 

UJ 

t^ 

a  X 

IT 

!-• 

UJ  CD  3 

II 

Z  O  5 

Z  H 

II 

II 

tr 

UJ  a  K 

o 

O 

u. 

r  u  UJ 

II 

< 

u 

a 

< 

-J 

-1 

II 

II 

cr 

(0 

1/1 

1/) 

I-H 

t- 

cr 

»-* 

II 

-1 

^ 

o 

cr 

3 

UJ 

z 

II 

II 

Z) 

o  z 

^ 

O  1- 

• 

a. 

> 

II 

a 

UJ 

-J 

t- 

00 

>  O 

l/» 

II 

II 

U  </1  z  o 

UJ 

z 

a  1/1  o 

UJ 

II 

-1 

UJ 

UJ 

Ul 

►-• 

Z 

II 

II 

z 

i->* 

X 

1/1 

< 

UJ 

1- 

1- 

*-( 

a: 

II 

Q 

3 

> 

UJ 

IZ 

_l 

00 

o 

II 

II 

O  O  Z  Z  K 

O 

u  z 

*-* 

II 

Ol 

Q  UJ 

K 

UJ 

»-t 

II 

II 

1-4 

HH 

K  UJ  O 

z 

^ 

UJ 

00 

z 

II 

-1 

UJ 

a 

< 

1- 

_l 

Q 

1/1 

t- 

II 

II 

1/1 

H 

UJ  UJ  (Q 

UJ  O  Z  5  1- 

-lO 

II 

t-t 

I 

Z 

tr 

< 

>-^ 

u 

II 

II 

a 

0.  u  a 

1/) 

1-4 

O  UJ 

_) 

UJ 

*-• 

II 

< 

u 

a 

cr  o 

1-4 

Z 

o 

3 

< 

II 

a 

II 

O  z  o  a 

1 

K 

»-« 

a 

3 

> 

(/I 

II 

1- 

00  O 

UJ 

a. 

u 

UJ 

a 

II 

UJ 

II 

o 

O  </1  O 

o 

< 

01 

(-4 

1/1 

UJ 

UJ 

II 

Ul 

u. 

K 

UJ 

Ul 

1- 

< 

(-  Q 

II 

z 

a 

II 

t- 

u. 

U 

u. 

1/1  Q 

UJ 

D  UJ 

-J  Q 

II 

Q 

o 

_l 

q: 

a 

1/1 

o 

111 

II 

o 

II 

o 

UJ 

^ 

Z 

Q  OCT 

II 

z 

- 

< 

1/1 

> 

ID 

< 

lO 

II 

3 

II 

I- 

Q  1/1  Ul 

UJ 

UJ 

-I 

S 

II 

UJ 

•-4 

1/1 

1/1 

o 

II 

h- 

O 

II 

z 

m 

UJ  O  O 

1/1  S 

S 

cr 

1- 

< 

UJ 

^->. 

II 

a 

Q  H 

UJ 

UJ 

V— ' 

S 

t- 

_) 

II 

(_) 

UJ 

II 

UJ 

D 

i-t 

1-4 

1/1 

S  UJ 

cr 

*-« 

1- 

Q 

II 

!-• 

3 

u 

X  a 

X 

UJ 

u 

II 

< 

cr 

II 

(/> 

1- 

Q  < 

1/1     • 

UJ  O 

i-< 

z 

O  u 

00 

cr 

II 

> 

_l 

< 

1- 

UJ 

1- 

m 

1— 1 

i/l 

II 

II 

UJ 

< 

3 

1/1 

1/1 

u 

>  o  a 

UJ 

> 

< 

II 

o 

u 

Q. 

u 

i_) 

> 

Q 

II 

II 

(T 

1- 

1-  U. 

CM   _i 

1/1 

UJ 

UJ 

»-« 

UJ 

a 

00  o 

II 

a. 

Z 

s 

u. 

D 

o  cr 

UJ 

UJ 
rvl 

II 
II 
II 

II 
II 
II 

a  01  i/i  o  X  > 

< 

cr 

IT 

1- 

a 

00 

^ 

IQ 

II 

-  II 

II 

a. 

*-« 

O  Q 

1- 

a 

oc 

(Z 

II 

II 

It 

q: 

O 

O 

II 
II 

II 
II 

It 
It 

O  Hi 

II 

II 

It 

1- 

II 

Z 

II 

II 

t- 

VI 

< 

M 

O  1- 

II 

UJ 

< 

UJ 

< 

II 

Ul 

< 

Ul 

< 

u 

II 

>-4 

z 

II 

1/1 

1- 

II 

1 

1- 

z 

II 

H 

UJ 

II 

1 

1 

II 

u 

1 

3 

II 

O  Q 

II 

o 

•— 

u 

^ 

II 

u. 

-- 

U  CM 

II 

< 

1^ 

II 

1/1 

1 

1/) 

1 

n 

00 

1 

00     1 

II 

II 
II 
M 

^ 

— 

-> 

<N 

II 

-  II 

II 

S 

•~ 

->  — 

II 

II 

II 

o 

Z 

II 

UJ  O 

II 

M 

a 

t-< 

II 

a: 

»-« 

It 

II 

Q. 

< 

II 

3  1- 

II 

II 

cr 

II 

1/1 

u 

II 

II 

ac 

o 

II 

1/1 

*-« 

II 

Z 

II 

O 

^ 

1/1 

II 

UJ 

1- 

II 

o 

II 

u. 

_i 

y- 

II 

a 

00 

II 

II 

-1 

ul 

II 

a 

II 

1- 

II 

z 

tmt 

_i 

II 

cr 

00 

II 

II 

0. 

M 
II 

UJ 
UJ 

u. 

Z 

II 

II 

UJ 

UJ 

u 

Z 

UJ 

II 

cr 

II 

cr 

1- 

II 

< 

3 

_i 

II 

t-* 

u 

II 

u 

z  z 

II 

_j 

Q 

IS 

II 

o: 

i/i 

II 

1/1 

< 

UJ 

II 

_i 

1/1  O 

II 

a  UJ 

II 

-1 

1- 

II 

D 

z 

a 

II 
II 

lO 

Q 

II 

II 

UJ 

_1 

UJ 

1/1 

> 

II 
II 

1- 

< 

a 

CO 

II 
II 
II 

— 

II 
II 
II 

u  a. 

l/l 

II 
—  II 

UJ 

1- 

z 

t-  ./I 

1- 

II 

t 

II 

<  1/1 

o 

II 

II 

o 

II 
II 

II 

(_)  -■ 

< 

II 
II 
II 

II 
_  II 

II 

CM 

II 
II 
II 

II 
II 
II 

II 
II 
It 

O 

II 

II 

II 

z 

II 

M 

cr 

UJ 

II 
II 

\n 

II 
II 

IC 

K— 

II 

z 

ID 

II 

a 

II 

O 

cr 

:l 

S 

II 

o 

II 

O 

o 

II 

^ 

13 

II 

o 

II 

O 

a 

II 

a 

Z 

11 

o 

II 

10 

XI 

'1 

" 

_ 

II 



538 


CO  CO 
CD 


o  CO 
z  o 

UJ  UJ 
O  1- 

<  < 

a  a 


II 
II 
II 
II 
II 
II 

M 

II 
II 

n 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 
II 

II  ' 
II 
II 
II 
II 
II 
II 
II 
II 
(/)    II 


C/l 


tr  C 

O  ai 

I- 

1/1  < 

u 

z 
:3 


_i 

r  Q 

K  K  O  UJ 

U  to  i-H  I 

<  O  UJ  U 

a  u  a  (-0 

z 


Z   II 
O   II 

■-H  II 

00  I-  II 

U  II 

3  <  II 

II 

(-  Q    II 

UJ    M 

<    00     II 

O    II 

I-  _)  II 

U    II 
00  II 

O  II 
UJ  II 
M  II 
II 
II 
II 
II 


o 
a. 

UJ  o 

I- 

<  tr 
Q  o 

c/) 

UJ  z 

3  O 

a  a 

00 


o 

UJ 
Z  (T 
O  •- 
I-  3 
I-  O 
U  UJ 
<  (T 


Z 

O  I- 

-i  z 

I-  UJ 

O  Q 

<  •- 


(O 


O  -) 


(0 

(0 

CO 

CO 

V.  S 

^S 

<fl  < 

CO  < 

V    1 

^     1 

^  u 

>v  CJ 

rr  00 

«»  (/I 

o  -) 

o  -) 

t3 

Z 
UJ  •—    I 

z  I  a 

M    (_)    UJ 

S  H  I- 
<  "  -I 
X  3  < 
Ul  l/l 

z 
-u.  < 
o  O 

«        O 

!/)>»- 

a  I- 

"-  I- 

ai  _J  I 

X  -  O 

I-  (D  ■- 

►-.  _1 

X  00  u. 

I-  <  I 

—  UJ  2 

S  u.  >-• 


a 
z 
< 

<  z 
-•  s 
>  o 

o 
q: 

Ul  -I 

o  o 
3  tr 

Q  I- 
00  z 

z  o 

<  CJ 

ac 

t-  a 

z 

Ul  3 
I-  O 

<  cr 
z  o 


00 

< 


<  > 

o  •- 

I- 

UJ  < 

-J  z 
O  (X 
C/)  UJ 
Z  1- 
O  -I 
o  < 

Z  UJ 
O  .J 

m 
a  < 

UJ  >-i 

00  > 

< 
CD  < 


Ul  ID  3 

X  U  Ul 

I-  a  •-■ 

a  > 

o  UJ 

t-  <->  a 

f^ 

</i  z 

t-  -I  o 

-J  Ul  i-i 

3  >  00 

OO  UJ  UJ 

Ul  _l  O 

a 

-I  z 

(-  <  Ul  --.  * 

CE  ■-"  I-  Q 

o  o  1/1  a  "-• 

0.  UJ  >  4  a 

UJ  a  00  o  Q 

tr  lo  ^--  (D  c/5 


II  ' 

II 

II 

II 

II 

II    CO 


CO 


o  -> 


II 
II 

II    CJ)  < 
II    (N     I 

II   "V  o 

II  in  c/) 
II 
II 
II 

II    00 
II    Ul 


_l  (N  l-> 

3  X  S 
CC  _l  « 


^-  at 
X  o  a 
II  o  u.  o 

II      M  _J 

II    _l  00 
II    U.  Ul  UJ 


II 


at  at 


<  z    • 

»-•  UJ  *— * 

O  K  Q 

UJ  00  cr 

Q.  >  < 

00  00  o 

^  aj 

UJ 

I 


II   UJ  3  3  •-> 


Q  00 

<  UJ  t/1 

3  U  UJ 

_i  O  cr 

<  a:  a 
>  a 

Ul  X 

I  Q  z 

ul  z  < 

a  <  H 


(_)  — 
I/)  I 
->  in 


<      < 

UJ 

> 

1 

1 

o 

CJ  CM 

U.  CO 

l^    1 

1/)  1 

-)  in 

Z  in 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
II 

II    Ul 

II  I- 
II  I 
II  (_)  — 

II    10    I 

II  -)  — 

II 

II 

II  UJ  O 

II  q:  I-. 

II  3  I- 

II  uo  <_) 

II  OO  —1 
II  UJ  »- 
II    Ct    00 

II  a 

n  q:  ul 

II  UJ  UJ  S 

II  O  CJ  UJ 

<  3 


Ul 

I/)  00 

I- 
S  -J 
at  3 

<t    C/l 


m  3 

U  UJ 

a  « 
a.  > 

UJ 

i-i  at 
»-t 

z 

-I  C3 

UJ   I-* 
>  00 


UJ  UJ  UJ 

<  ir  -I  Q 


-I  a  IS 

_i  yi  o 

3  z  a 

<  Q. 

I-  a 

UJ  1-  z 


(N 

o 

*— 

CM 

o 

z 

H- 

cc 

o 

a 

h-   00  I- 
<   '/I  CJ 

<J     HH     < 


.^^_ 

II 
II 

~~ 

II 

II 

II 

II 

cr 

II 

UJ 

II 

CO 

Z  CD 

II 

o 

-  s 

II 

Q 

O  3 

II 

O 

0.  z 

11 

CO 

»- 

at 

CO 

o 

o 

o 

CO 

539 


CO 

II 

^~ 

^^"^ 

~^' 

II 

—       —— . 

II 

' 

■ 

■ 

II 

^v 

II 

II 

II 

II 

r- 

II 

II 

II 

II 

_ 

II 

II 

II 

II 

•     ^ 

II 

II 

II 

II 

O  CD 

II 

UJ 

II 

II 

II 

z  o 

II 
II 

H 

-1 
3 

II 
II 

II 
II 

II 
II 

UJ   UJ 

II 

1/1 

X  Q 

II 

II 

II 

O  •- 

II 

K 

K  13  UJ 

II 

II 

II 

<  < 

II 

O  00  1-1 

r 

II 

II 

II 

a.  a 

II 

<  O  UJ  u 

II 

II 

II 

II 

a  o  5 

i/i 

II 

II 

II 

II 

z 

II 

II 

II 

II 

II 

II 

It 

II 
II 
II 

II 
II 
II 

II 

-  II 

II 

II 

—   II 

II 

II 

o 

II 

II 

It 

II 

(T 

II 

II 

II 

II 

UJ  O 

II 

II 

It 

II 

1- 

II 

<o 

II 

<0 

10 

(O 

II 

II 

< 

K 

II 

(S 

II 

00 

CO 

IB 

II 

II 

Q  O 

II 

^  s 

II 

>^ 

z 

^ 

z 

^* 

z 

II 

II 

OO 

II 

0)  < 

II 

(0 

< 

(0  < 

(0 

< 

II 

II 

UJ 

Z 

II 

CM     1 

II 

^ 

1 

-— 

1 

»- 

1 

II 

II 

3  O 

II 

^  u 

II 

^ 

<J 

-s* 

u 

*v 

o 

II 

II 

o  a. 

II 

in  00 

II 

'T 

00 

T 

00 

t 

00 

II 

II 
II 

II 

1/1 

II 
II 
II 

o  -> 

II 

-  II 

II 

o 

—t 

O 

-) 

o 

~> 

II 

11 

II 

11 

II 

• 

11 

II 

II 

II 

o 

> 

o 

II 

II 

II 

II 

Z  1- 

K 

UJ 

II 

II 

II 

II 

o 

1-  UJ  O  2 

II 

II 

II 

II 

1-4 

00  _i  1-  r  o  UJ 

II 

II 

II 

II 

\- 

1- 

UJ 

^4 

1-  (X 

!-• 

II 

11 

II 

II 

<  00  O  Z 

a 

> 

II 

I/I 

II 

II 

II 

Q  UJ 

*^ 

CD  O 

UJ 

II 

z 

II 

II 

II 

Z  1- 

U. 

31- 

•■H 

(T 

II 

o 

II 

II 

II 

UJ 

(/) 

ft 

II 

1^ 

II 

II 

II 

Z  UJ  1- 

00 

Z 

II 

00  (- 

II 

II 

II 

Z  t-  00  < 

1- 

_l  O 

II 

u 

II 

II 

II 

O 

< 

UJ  H 

-1 

UJ 

►-• 

II 

3  < 

II 

o 

II 

II 

u 

1-4 

r  <  3  > 

00 

II 

II 

UJ 

M 

II 

UJ 

cr  a  a  00  UJ 

UJ 

II 

1-  Q 

II 

Z  (T 

II 

II 

a. 

a 

l-H 

UJ 

-I  Q 

II 

UJ 

II 

o 

»-• 

II 

II 

o  r  u.  K 

II 

< 

01 

II 

»— 1 

3 

II 

II 

a. 

cr 

O 

-1  Z 

• 

II 

o 

II 

1-  o 

II 

II 

O  a  UJ 

H 

< 

UJ 

^N 

II 

t- 

-1 

II 

o 

UJ 

II 

II 

-1 

0. 

ce 

_l 

cr 

»-• 

t- 

a 

II 

<J 

M 

< 

a 

II 

II 

UJ 

< 

3  UJ  O  u 

(/1 

cc 

II 

1/1 

II 

II 

II 

> 

1/1 

>  a 

UJ 

> 

< 

It 

Q 

II 

11 

II 

UJ 

u. 

00 

UJ 

UJ 

a 

(/I  o 

It 

UJ 

II 

II 
II 
II 

II 

—  II 

II 

Q  O 

< 

-1  cc 

irt 

^ 

m 

II 

-^  II 

^_ 

II  ■ 
II 

II 

a. 

II 

II 

II 

It 

C  O 

II 

II 

II 

It 

C3 

II 

II 

II 

UJ 

It 

O  Ui 

II 

II 

II 

z 

II 

y- 

II 

z 

II 

II 

(/I 

It 

t/l 

< 

II 

O  K 

II 

s      < 

II 

< 

< 

< 

< 

1/1 

< 

II 

o 

II 

l-N 

z 

II 

< 

11 

Q 

1- 

1 

II 

z 

II 

K 

UI 

II 

1 

II 

1 

1 

o 

II 

3 

II 

u  a 

II 

O  (M 

II 

U 

9— 

o 

M 

U. 

CO 

II 

II 

< 

•-* 

II 

CO    1 

II 

00 

1 

00 

1 

00 

1 

II 

II 
II 

II 
II 

->  - 

II 
-  II 

-> 

Jl 

_ 

_ 

_ 

_ 





—> 

z. 

z 

— — « 

II 
-  II 

II 

II 

II 

II 

II 

II 

II 

o 

It 

II 

II 

II 

II 

It 

II 

II 

UJ 

tl 

M 

II 

II 

o 

11 

II 

II 

II 

Z  UJ 

II 

II 

z 

II 

II 

<  o 

II 

II 

o 

II 

II 

z  z 

II 

N 

«^ 

II 

II 

cr 

UJ 

II 

II 

h- 

II 

II 

O  Q 

II 

II 

a 

II 

II 

u. 

*H 

II 

II 

•-I 

II 

II 

K 

U. 

It 

II 

a: 

II 

II 

UJ 

z 

II 

II 

•^ 

o 

11 

II 

a  o 

II 

II 

a 

00 

11 

11 

u 

11 

II 

o 

UJ 

II 

II 

UJ 

11 

II 

01 

Q 

II 

11 

s 

< 

II 

II 

II 

11 

00 

1- 

II 

II 

" 

11 

—  II 

II 

00 

< 

II 

^   II 

(S 

II 
II 

1-   00 

H 

11 

II 

1 

II 

<  (/I 

U 

11 

II 

II 

o 

II 
II 
II 

o  — 

< 

II 
II 
II 

II 

11 

^  II 

^  II 
II 

II 

(S 

II 
II 
II 

II 
II 
II 

II 
II 
II 

It 

1! 

II 

O 

II 

II 

K 

Jl 

II 

Z 

II 
II 

UI 

11 

11 

(0 

11 
11 

to 

tl 
II 

1- 

II 

z 

CO 

II 

o 

II 

o 

II 

x 

M 

1-^ 

5 

II 

o 

II 

o 

II 

c 

II 

u 

3 

i| 

o 

11 

o 

II 

a 

II 

a 

Z 

'1 

CO 

11 

■s 

M 

.1 





1 

11 



_ 

._ 

,_ 



__..^- 





II 

540 


CO  (0 





__ 























CO 

II 

II 

■^ 

II 

II 

«— 

II 

II 

■— 

II 

II 

•  -^ 

II 

II 

O  oo 

II 

UJ 

II 

zo 

II 
II 

1- 

_i 

i 

II 
II 

UJ  UJ 

II 

C/1 

X 

O 

II 

O  1- 

II 

1- 

K 

o 

UJ 

II 

<  < 

II 

u 

in 

t~* 

r 

II 

Q.  O 

II 

< 

O  UJ 

u 

II 

II 

a 

u 

3 

1/1 

II 

II 

s 

II 

II 

II 

II 

M 
II 

II 

II 

II 

o 

II 

II 

12 

II 

II 

UJ  O 

II 

II 

K 

1   (0 

(0 

II 

II 

< 

a. 

1    CO 

(S 

II 

II 

o  o 

1  >» 

s 

•^ 

s 

II 

II 

to 

1  ;o  < 

CO  < 

II 

II 

UJ 

z 

1    (N 

1 

CM 

1 

II 

II 

rj  o 

1   \ 

u 

>•* 

u 

II 

II 

Q 

a 

1   lO  I/) 

<o 

1/1 

II 

II 
II 
II 

m 

1  o 

-> 

o 

-5 

II 
II 

II 

II 

O  U.          5t  U                < 

o 

1 

UJ  <             O 

II 

II 

1    UJ 

(_  u.    •  (J  a          H 

1- 

u. 

< 

Q  1-              K 

II 

II 

1  z 

O  U-  O                   <    1 

u. 

1- 

3 

1-  <          1 

II 

II 

1      »-4 

I/)      cr  -1  UJ    •      o  lo 

1/1 

o 

< 

UJ 

>  Q  1-  <  00 

II 

II 

1  o  1-  ui  UJ      a  13          i-i 

K 

i-« 

Q 

Z 

o      (_)  cr  K  — 

II 

II 

izuzauDz      ujs 

cr  -J 

"  z 

UJ 

cr  1-  UJ  UI  _i  •-■  z 

II 

II 

1    UJ 

<    LO           •-•  (/)  >-l     1     (J 

1-  O  3 

o 

u. 

_l 

00 

u. 

a  z  _i  a  3      o 

II 

(/) 

II 

cii/)Z-ii/)h-u.zuJcr 

K  00 

_l  " 

o 

ID 

Z 

o 

UJ  U.  O  1/1  _l  « 

II 

Z 

II 

ledZ         0=IUJtOU.<l-0 

<  UJ 

UJ  00 

< 

o 

O  cr  UI       UJ  ui  to 

II 

o 

II 

«Qi-.<(rujos< 

(S 

z  cr 

>   UJ 

> 

_J 

»-H 

K 

00  a  cr  UJ  q:  >  UJ 

II 

t-t 

II 

H 

ui  H  K  a  K      cr  o 

< 

»^ 

Ui  O      ■ 

1- 

*-l 

t- 

a 

-J  3        Z        UJ  Q     ■ 

II 

I/) 

(- 

II 

iuj(2u<a          ood 

Z  1- 

_l      — 

•-t 

< 

< 

r~t 

<  o  O  —  1-  _l       -^ 

II 

o 

II 

1  ozza>(r»-zu.3 

_l 

cr  cr 

Z  Q 

a 

> 

q: 

UJ 

1-  t3  cr       Z  Q 

II 

3 

< 

II 

a 

1  o 

M<ujxuju.<-i(r 

O  UJ  O 

-1  UJ  cr 

»-i 

< 

UJ 

u 

u.       z  O  -1  UJ  cr 

II 

II 

UJ    1 

1  z> 

ZXQ.      oji-it-ujocr 

t-  a 

<  t-  < 

_i 

a. 

UJ 

•  O    -  UJ  a  <  t-  < 

II 

(- 

o 

II 

Z 

a  1 

(Q 

zzozzx-iai- 

1- 

UJ  UJ 

1-  00  o 

< 

> 

o 

cr 

<       Q       UJ  >«  00  o 

II 

UJ 

II 

o 

*-«  1 

<  UJ         O  <  00   3 

z 

o  cr 

(_>  >  m 

> 

_l 

i-zuj>-crcj>in 

II 

< 

i/) 

II 

l-< 

3    1 

UJ 

_i      -lai      oojQo 

UJ  00 

1— 

_i 

o 

<  O  £3  •-'        UJ  00 

II 

o 

II 

1- 

O  1 

1   O 

a.z<u.(_)cruj<uju 

z    ■ 

a —  s 

> 

Z 

< 

z 

Q  —  UJ          a  —  2 

II 

►- 

_l 

II 

<_) 

UJ    1 

*-H 

—  z          o  cr  z  I/) 

O'- 

00       UJ 

u. 

UJ 

z 

•— t 

1/1  UJ  UJ     -00       UJ 

II 

o 

II 

< 

(T    1 

1      > 

i-<>-i<oai/i      «3Z 

-•  o 

CD  « 

I~* 

cr 

o 

1-  «  z  00  z      m  — 

II 

lo 

II 

1  o 

1/1  1-  Z  ►-        Z  UJ  z 

o  o  cr 

UJ  u  > 

cr 

cr 

z 

z 

00  >        <  o  UJ  o  > 

II 

o 

II 

1  cr 

uja)04aujxo(/i 

1^ 

UJ   < 

I  a  UJ 

UI 

3  o 

UJ 

uiujooii-lcruj 

II 

UJ 
N 

II 
II 
II 

1  a. 

l-OZQ300t-Z-i 

{A 

cc  — 

t-  Q.  a 

> 

o 

z 

a 

KQ:<Q.i-i-Q.cr 

II 
—  11 

►< 

II 

IT 

II 

II 

a: 

o 

II 
II 

UJ 

UJ 

II 
II 

Q 

UJ 

(- 

II 
II 

z 

1  s 
1  in 

S 

00 

II 
II 

c/1 

< 

II 

O  1-    1 

1  'Ji 

< 

1/1 

< 

II 

o 

II 

Z 

1    1 

1 

II 

z 

II 

t- 

UJ    1 

1   o 

(J 

II 

3 

II 

(J  O   1 

1   u. 

^- 

u. 

^- 

II 

II 

< 

•— 1 

1  in 

1 

I/) 

1 

II 

II 

1  Z 

«- 

Z  M 

II 

II 
II 

—  II 

II 

II 

1  O 

II 

II 

II 

II 

1   UJ 

II 

II 

1  u 

II 

II 

1  z 

UJ 

II 

II 

z 

1  < 

u 

II 

II 

o 

1  z 

z 

^ 

II 

II 

*-l 

1  a 

UJ 

II 

II 

1- 

1   O  Q 

II 

II 

a 

1   u. 

l-H 

II 

II 

1-^ 

1  cr 

u. 

II 

II 

cr 

1    UJ 

z 

II 

II 

*-^ 

o 

1  a 

o 

II 

II 

q: 

i/i 

o 

II 

II 

a 

UJ 

1    UJ 

II 

II 

uo 

Q 

1  z 

< 

II 

II 

1  lyt 

1- 

II 

II 
II 

n 

1    lyl 

< 

II 
—  II 

CD 

t- 

l/l 

1- 

II 

II 

< 

1/1 

U 

II 

(M 

O 

II 
(1 

u 

-■ 

< 

II 
—  II 

II 

II 

(N 

II 
II 
II 

II 
II 
II 

O 

II 

1   X 

II 

z 

II 
II 

cr 

UJ 

1    CO 

II 
II 

t— 

II 

z 

a 

1  o 

II 

X 

II 

•-I 

s 

1   o 

' 

II 

o 

II 

o 

3 

1  o 

II 

^ 

M 

a 

z 

1    iS> 

II 

aJ 

.1 

'__ 

_ 





_ 

_ 

_ 

II 

541 


CO 


O  CO 

Z  3 

UJ  uJ 

J  I- 

<  < 

a  Q 


z 
o 

I—* 
LO   I- 

o 

D  < 

f-  Q 
UJ 

<  i/l 
O 

I-  -I 
tj 

o 

M 

o: 
q:  o 

O 
a  UJ 


II 
II 

II 

II 
II 
II 
II 
II 

II  1/1 
II  I- 
II  (_) 
II  < 

II    Q. 

II   s 

II  •-■ 

II 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

•I 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


II 
II 
II 
II 
II 

UJ    II 

_l  II 
II 


I-  3 

I  Q   II 

I-  (J  UJ    II 

iA  <-•  X 

O  UJ  (_) 

u  a  </> 


i/i 


o 

z 


a 
o 

a. 


<r 
UJ  o 
I- 
<  cr 

Q  O 

t/1 

UJ  Z 

3  O 

o  a 


O 

UJ 

z  cr 

o  -■ 

I-  O 
(_>  UJ 

<  tr 


m 

^  < 

O     I 

^  u 
It)  1/1 

o  -> 


—  < 

o  I 

■>^  o 

If)  (/) 

o  -) 


(O 

a> 

—  < 

o  I 

1/1  I/) 

o  -> 


II 
II 
II 
II 

II   (O 

II    CO 

II  -^ 

II 

II 

II 

II 


O    I 

^  o 
in  i/i 
o  -5 


I 

< 
> 

a  O 

UJ  I- 

O  Q 

Z  I- 

I-.  (X  O 

I-  i-i  UJ 

oo  UJ  a 

►-.  I  1/1 

X  I-  UJ 

UJ  cr 

1/1  I 

1/1  00  I- 

UJ   UJ  •- 

i/l  Z  3 

LO    t-t 

<  _1  Z 

1    Q  O 
Ul  UJ  i-i 

ct  cr  I- 


UJ 

r  m 

H  o 

UJ      a 

I-  Q  o  a 

a  -i  H 

0  >      — 

CL  O  Ul  "-• 

UJ  cr  z 
cr  Q.  o  -I 

i~i  UJ 

Q  t-  > 

■  Z  <  UJ 

•-•  <  C3  -1 

(X  z 

Q  1/1  UJ  _l 

1/1  I-  s  < 

-I  S  " 

i/l  D  O  U 

•1  lO  (_i  UJ 

1  UJ  UJ  0. 

K  a  a  i/i 


UJ  ^ 
I-  o 

>  < 

i/l  o 
w  as 


I 

z 

UJ 
I     01 

Z 

-.  a 
a 


II  u.  •-•  X 

II  O  I 

II  H 

II  00 

II  K  < 

II  CJ 

II  «t  O 

II  a  z 

II  5  ►- 


II  >-.  I- 

n  < 

II  1/1  a 

II  1/1  o 

II  UJ  a 

Lo  a 

II  i/l  o 

II  <  o 

II 


II 


I 
—  I- 

Q  CC 
«  O 

X  a 

O  UJ 
CC 

o 

z 

UJ   <       ■ 

I-  -I  a 

r  3  o 

1—  u-  Q- 
O        O 

in  UJ  (Q 

cr  c£ 

Z  O   D 

I-.  t/1  I- 

IT  UJ  cr 
O  a:  UJ 
00  a  M 


X 

UJ   I- 

Q 

—  O 
>  I- 

O 

a.  z 
a  o 

O  I- 
z  < 

<  o 

z 

I/l   UJ 

I-  s 
-I  2 
D  O 

UJ   UJ 

cr  cr 


m  3 

U  UJ 

a  " 
a  > 

UJ 
«  QC 

l-H 

z 
_i  o 

UJ   >-^ 
>   00 

UJ    UJ 

_l  Q 


<  UJ  ^ 

—  \-  a 

u  00  q: 

UJ  >  <t 

a  01  o 

00  w  CD 


II 


z 
o 

—  z 

^-  UJ 

U  Q 

<  — 


UJ 

S 
00 

00 


1/1   I 

5  - 


Z 
O 
■-•   II   z 


a: 
—  o 

cr  oo 

Q    UJ 

00  Q 


II 


Q 

UJ  Z 

cr  O 

UJ    I- 

s  < 

■yi  u 
yi  ►. 


II 

5 

II 

00 

<      < 

<       < 

II 

00 

Q 

1 

UJ 

II 
II 

1 
u 

I_)   CM 

U  CO 

11 

u. 

-- 

00    1 

OO     1 

II 

00 

1 

->  — 

-1  — 

II 

—   II 

S 

'~ 

II 

II 

H 

o 

00 

Ul 

II 

•-• 

a. 

M 

c 

z> 

II 

1-  tr 

II 

uJ 

<  O 

II 

z 

(X  -n 

II 

•^ 

UJ  z 

II 

03 

C    UJ 

n 

(T 

5  ^ 

II 

O 

UJ 

ti 

\— 

1-    UJ 

II 

Z 

II 
II 

cr 

UJ  — 
O  -J 

II 

II 

I 
1— 

<    UJ 

II 

I-  1/1  I-  II 

<  1/1  (_)  II 

O  -•   <  II 

II 

II 


II 

II 

II 

II 

cr 

II 

UJ 

II 

CTI 

z  m 

II 

o 

~  5 

M 

o 

D  O 

.1 

o 

a  z 

II 

^ 

II 
II 

II 

II 

II 

II 

M 

— 

i; 

^- 

It 

o 

II 

o 

II 

CO 

64-548    0—86 18 


542 


O  (O 
—  00 


o  CO 
z  o 

uj  lu 

<  < 

a.  a 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
M 
II 
II 
II 
II 
II 
II 
II 
(O  II 

z 
o 


<A  I 


II 

II 
II 
II 
II 
II 
II 

I-  Q  II 

UJ  II 

<  lO  II 

O  II 

t-  _l 


I  < 


if) 


1/1  < 


o 


o 

z 


o 

a. 


UJ 

-J 
I-  3 

</»  X  Q 

1-  I-  O  Ui 

U  1/1  •-•  I 

<  O  UJ  U 

a  u  3  bo 


CJ  II 

II 
Q  II 

UJ  II 
N  II 

►H  ■-•  II 

a  II 

(£  O  II 

O  II 

O  UJ  II 

II 
II 


U  II 
Z  II 
3  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
I  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


o 

UJ  O 

H 

<  cr 

Q  O 

Ui  z 

D  O 

Q  a 
(/I 


II 
II 
II 
It 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

M  (O 
II  CD 

II  ^  ; 
II  — 

II  o 

II  ^  I 

II  UI  I 
II  o 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II    H 

II  (/) 

II    UJ 


(O 

oo 

—  < 

O  I 

^  u 

m  I/) 

o  -) 


CO 

—  < 

O    I 

^  (J 
If)  1/1 
o  -> 


(O 

S) 

^  z 
—  < 

O    I 

■^  o 
in  00 
o  -> 


I 

z 


z  at 

O  >-" 

•-  3 
I-  o 

U  HI 


z 

O  I- 

-•  z 

K  UJ 

U  Q 

<  « 


II   (D 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

It 

II 


</l 
UJ 

O  UJ 

I  z  r 

Ui  <  )- 

a  I 
oo 

O  I- 

Z  K 

«-i  1/1  VI 

Q  ■-•  K 
3-1-1 

-I  Z  3 

CJ  $  <>1 

Z  O  tlJ 

•-  Q  a 

Z  Q  K 
O  UJ  (X 
>-•  -I  O 

I-  •-•  a 

<  <  UJ 

I-  I-  a 


(O  3 
U  Ui 

a  >-• 
a  > 

UJ 

•-  a. 

z 
-I  o 

UJ  •-■ 

>  I/) 

UJ  Ui 
-I  Q 

-I  S    • 

<  Ui  — 
-I  H  Q 

u  1/1  a 
Ui  >  < 
a  00  o 

1/1  ■>-'  (D 


I 
I  z 

UJ  i-i  I 

r  I- 
(j  ac  -I 
oo  UJ  3 

^  r 
a  I-  Q 

Ui  o  UJ 
3  I- 
O  Q  < 

a  z  " 
z  <  u 
<      o 

S  I-  00 

00  oo 
a  o  < 
o  u 

_)  -V  00 
UJ  Ui  I- 
>  -I  u 
UJ  3  < 
o  o  a 


I 
o 

z 

3  _l 
->  -I 

Z  <  UJ 

o  a  a 

U  UJ  < 

>  i 

z  o  I- 

>-•  U. 

z  o 

UJ   <  00 

(J 

Z  X  00 

<  t-  UJ 

X   i-i  U 

O  3  •-■ 

z 

00  Z  o 

«  O  •- 

X  -  > 

K  I-  < 


00 

z 

O 


UJ 

X 


< 

a 

z 

UJ 

Z 

Z  00 

O  «-" 

O  X 

UJ  I- 
QC 
O 

z 

3  Q 

UJ  CE 

I-  < 

>  o 

UJ  UJ 

Qc  cr 


>  -I 

O  3 

00 

Q  UJ 

HI  a 

a 

o  H 

-I  ac 

UJ  o 

>  a 

UJ  Ui 

o  a 

UJ 

(Q  ' 

m 

-I  u 

_i  00 

«-•  < 

3  O 


-I 

UJ  Z 

>  O 

UJ  » 

_l  00 

Ui 

-1  Q     • 
<       ^ 

HI  z  a 

U  UJ  (X 
UJ  K  < 

a  1/1  o 

00  >  en 

00 
UJ  ^  3 

1  UJ 

I-  aj  -^ 

u  > 

O  (T   UJ 

I-  a  q: 


< 
o 
I 


IT 
—  O 

a  1/1 
o  UJ 

CO  Q 


1-  00  I- 
<  (/I  o 
u  ►-•  < 


z  m 

-  z 

U  3 

a  z 


II   u 

II  1/1 

II  ~> 

II  — 

II 

II 

II 

II 

II 

II 

II 

It 

It 

II 

II 

It 

II 

II 

II 

II 

II 

It 

II 

II  — 

II 

II 

II 

II  — 

II 

II 

II 

II 

It 

II 

II  — 

II  — 

II 


< 
> 

I 

U  CM 
00  I 
->  (M 


CQ 
U 
Wl 

< 

o 

< 

u  — 
I/)  I 

~)  n 


< 
> 
I 

U  (SI 
00  I 
->  C^ 


o 
o 

II   to 


543 


•-  CO 

II 

II 

II 

■ 

II 
II 
II 
II 
II 
II 
II 

-V 

II 

II 

II 

II 

II 

11 

^ 

II 

II 

II 

-  ^ 

II 

II 

II 

O  CD 

II 

UJ    II 

II 

z  o 

II 

_l  II 

II 

II 
II 
II 
II 
II 
II 
II 
II 

II 

1-  3  II 

II 

UJ  UJ 

II    iA 

X  Q  II 

II 

(J  t- 

II    1-  1-  O  UJ    II 

II 

<    < 

II    U  01  l-   I    11 

II 

a  o 

II    <  O  UJ  U    II 

II 

II  a  u  3  >/)  II 

II 

II  z 

II 

II 

II  •-• 

II 

II 

II 

II 

II 

II 
-  II 

II  — 
II 

II 

II 

II 

II 

O  II 

II 

II 
II 

II 

(T   II 

II 

II 

UJ  O   II 

II 

II 
II 

II 

t-         II   (0 

II  <c 

II 

<  K   II   O 

II   CO 

II 
II 
II 
II 
II 
II 

II 

O  O   II  -v  S 

II  'v  z 

II 

10   II   —  < 

II  —  < 

II 

UJ  Z   II   O    1 

II    O    1 

II 

3  O   II   ^  O 

II  ^  <J 

II 

o  a  II  in  10 

II  in  (/) 

II 

II  — 
II 

(/)  II  o  -> 

no-) 

, 

^_, 

^_ 

_, 

^_ 

^_ 















II 
-  II 

II 

II 

II 

II 

II 

II 

o 

II 

II 

II  z 

II    I                UJ 

H 

1 

00 

II 

II 

II  •-• 

II  U   1        X  z 

1 

*~* 

1-  o 

II 

II 

II 

II   «  Z        1- 

3 

u. 

Q 

< 

t- 

-J 

K 

II 

II 

II   N 

II  X  o  o 

O  O 

UJ 

u 

1-4 

D 

l-H 

II 

II 

II  — 

II    S  U  H  Z 

o 

cr 

•^ 

cr 

00 

lO 

1— • 

z 

II 

II 
II 

n  o 

II                 •-• 

^- 

_l 

< 

U. 

-I 

o 

UJ 

z 

13 

II 

(/) 

II  o 

II    (/)  UJ  UJ 

3  UJ 

a 

o  a 

ac 

o 

-I 

»-t 

u. 

II 

z 
o 

1^ 

II 

II  10     ■ 

II  UJ_l3CJX>OZ 

0. 

cr 

•-I 

UJ 

1/1 

H-t 

II 

II 

II  10  3 

II  a  u  o  z 

00 

UJ 

z 

O  1/1  < 

< 

UJ 

r- 

> 

UJ 

II 

II 

II    «  UJ 

II    3  M          •-' 

-1 

N^ 

(J 

-J 

-1 

O 

< 

UJ 

Q 

• 

II 

lO  K 

II 

II      >-• 

II  _l  X  I/)  Q  UJ 

UJ 

UJ 

z 

H-t 

1^ 

Q 

-1 

^•^ 

II 

(J 

II 

II  »■  > 

II  MUJZOZUJffl 

1/) 

> 

(^ 

z 

> 

Z 

Z 

o 

II 

3  < 

II 

o  II  a:  UJ 

II   <  >  UJ  Z 

00 

X 

< 

UJ 

1— » 

o 

UJ 

-I 

UJ 

cr 

II 

II 

ui  II  o  a 

II    U.           -1 

LO 

1- 

> 

_l 

> 

00 

cr 

Z 

< 

1- 

< 

II 

J—    Q 

ti 

Z  K  M  >/) 

II      UJ  m  1- 

O  Q 

u 

a 

z 

»-* 

00 

o 

II 

UJ 

II 

O  •-■  II        < 

II    00  I/)  O  <J  U. 

(T 

Z 

UJ  O 

z 

u. 

o 

u 

> 

ID 

a 

II 

<  CO 

II 

OH     3      II      UJ     UJ 

II  00  3  a  UJ  o  UJ 

< 

1- 

z 

< 

O 

u 

UJ 

00 

UJ 

II 

o 

II 

1-  O  II   OS 

II  UJ  <  a  cr 

Q 

a 

00 

K-t 

Q 

> 

UJ 

a 

■*-^ 

3  a 

II 

t—  _j 

II 

(_)  UJ  It   O  u. 

II  1/1  u      cr 

1- 

►-« 

z 

UJ 

K 

z 

LO 

1- 

a 

00 

UJ 

»-< 

II 

o 

II 

<  a  II  _i  •>» 

II  00       _l  o 

z 

00 

3 

3 

00 

3 

z 

*— 

CD 

*-• 

3 

II 

1/1 

II 

II  (J  -1 

II    <t   Z  O  !_)  UJ 

z 

o 

O 

1— t 

Q  O 

-J 

o 

UJ 

l_) 

> 

o 

II 

Q 

II 

II   Z  -' 

II   UJ  <  IT  z 

> 

O  UJ 

UJ 

X 

UJ 

1-^ 

< 

z 

I 

q: 

UJ 

UJ 

II 

UJ 
1-^  (-« 

II 

II    ii  u 

II  a  u  K  •- 

UJ 

(J 

cr 

tr 

UJ 

IT 

1- 

o 

< 

1- 

a 

a 

cr 

II 
—  It 

II  — 
II 

II 

II 

II 

a 

II 

II 

II 

II 
II 
II 

cr  o 

II 

II 

II 

o 

II 

II 

II 

Q  UJ 

II 

II  z 

II 

II 
II 

1- 

II 

Z         II   ^ 

II 

l/l  < 

II 

O  1-   II   <        < 

II  <          < 

II 

u 

II 

—  Z   II  o 

II  o 

II 

z 

II 

1-   UJ    II      1 

II    1 

II 

3 

II 

II 
II 

O  Q   II   O  — 

<  •-•   II   10    1 

II   ->  ^ 

II  (J  — 
II  00    1 

II   -)  — 

II 

It 

II 

—  II 

II 

II 

II 

II 

11 

H   Z 

II    UJ  O 

II 

11 

II  O 

II   Z  H 

II 

II 

II  •-■ 

II    1/1  K 

II 

II 

II  (/) 

II    00  3 

II 

II 

II  O 

II          (D 

II 

II 

z  II  cr 

II   u.  X 

II 

II 

O    II    UJ 

II    O  00 

II 

II 

►1  II 

II       3 

II 

II 

1-    II    UJ 

II  >  a  lo 

II 

II 

a  II  -1 

II    u         1- 

II 

II 

■-I     II     ISl 

II  z  z  o 

II 

II 

a  II  M 

II  <  3  < 

II 

II 

•-■  O    II   o 

II   Q  O  1- 

II 

II 

a  1/1  II  z 

II    Z  Q  Z 

II 

II 

O  UJ   II 

II    3  1-  O 

II 

II 

i/>  a  II  m 

II   Q  D  U 

II 

II 

II  a 

II   UJ  X 

II 

as 

II 

II  i/i 

II  cr  00  z 

II 

—  II 

n  ~— 
II 

1-  I/)  1-  II 

II 

II 

,1 

II 

<  t/l  U    II 

II 

II 

O 

II 

U  —   <    II 

II 

II 
—  II 

II 

II 

II 

II 

CM 

II 
II 

II 

II 

II 
II 

11 
■1 

II 

II 
It 
II 

o 

II 

II 

II 

II 

z 

II 
II 

tr  II 

UJ    II    (N 

II 
II  T 

II 
II 

1- 

II 

z  m  II  - 

II  — 

II 

C£ 

II 

—  S   II  o 

II   o 

II 

o 

II 

C_l   D    M    o 

II  o 

II 

a. 

II 

a  z  II  10 

II  '^ 

II 

jj 

•1 

ii 

._ 

._ 

.__ 

. 

II 

544 


N  (O 
—  (O 


o  o 
z  o 

UJ  UJ 

a  (- 
<  < 


i/i 

z 
o 

I/)  y- 

o 

o  < 


o 


Q 
UJ 

M 

q: 
cr  O 

a 
a  UJ 

I- 

U1    < 

<J 

Z 
3 


o 


o 

z 


o 
a. 


II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

II 

UJ 

II 

II 

_i 

II 

II 

H 

3 

II 

II 

1/) 

r  Q 

II 

II 

t-  1-  O  UJ 

II 

II 

CJ  l/>  ►-■ 

r 

II 

II 

<  O  UJ  u 

II 

II 

0.  U  2 

1/1 

II 

II 

z 

II 

II 

H^ 

M 

II 

II 
II 

II 

II 

II 

o 

II 

II 

cr 

II 

II 

UJ  O 

II 

It 

1- 

II 

(0 

1  (O 

II 

< 

(T 

II 

a 

1   CO 

II 

Q  O 

II 

^ 

z 

1   ^ 

< 

II 

(/) 

II 

00 

< 

^- 

Q 

II 

Ul 

Z 

II 

(N 

1 

1    (N 

1 

II 

3  O 

II 

^ 

o 

1    >v 

o 

II 

Q  0. 

II 

in  1/1 

1    T 

00 

II 
II 

lA 

II 
II 
II 

o 

-) 

I   O 

-> 

II 

II 

II 

o 

1 

I 

II 

II 

1 

z 

1- 

1 

UJ           I 

< 

U           1           00 

!-• 

II 

II 

o 

t-^ 

1 

UJ 

Z  QC  Z 

z 

ac       1 

-I 

<  UJ  O  u.  1- 

1-^ 

II 

II 

ac 

1- 

UJ 

X 

-I  UJ  O  O  3  3         1 

3 

uj  >  UJ  o  a  o  _i 

II 

II 

o 

z 

ac 

o 

(D  Z 

u. 

cr 

-I       1 

t3 

I  -1      <  x:      3 

_1 

II 

II 

Ul 

< 

< 

0. 

u. 

o 

*-*       { 

UJ 

1—  _i  u.  (/I  UJ  UJ  01 

UJ  Z 

II 

II 

> 

>  a 

UJ 

_l 

u  o 

< 

1- 

<       1 

1    X  CC  Ul 

<  O  3       Z  UJ  >  O 

II 

II 

o 

z 

< 

1-^ 

_l 

»-» 

UJ 

U.            I 

1  o 

> 

1-  (_)               _l  •-  CC 

UJ  M 

II 

II 

o 

1- 

< 

UJ 

Z  1£ 

_l  UJ  IZ  O  UJ 

1   3  u. 

< 

3  I-  i/l  00  <  1- 

_l  01 

M 

II 

1 

z 

cr  o 

3  a 

> 

UJ 

< 

3  UJ         1 

lOOXOU.i-1-     1-        1- 

Ul 

M 

II 

u 

UJ  t/l 

3 

1- 

a  UJ  1-  z  o  Z       1 

1  a 

I  ►-.  00  UJ  z  UJ  (r 

_l  Q 

II 

II 

1/1  2  UJ  i/l  i/l  o 

< 

o 

(^ 

< 

00             1 

1  o 

Z 

OOC-)>_IUJIO 

< 

n 

II 

-5 

1- 

t-« 

00 

_l 

3 

a: 

o 

UJ 

01             1 

1    X  O  K 

3  UJ  _)  U  Z  1-  Q. 

«  Z  Q 

II 

a 

II 

cc 

ac 

Ul 

< 

cr 

00 

UJ 

o 

tr 

1 

1  1- 

H-* 

o  a  <  -  z      UJ 

(J  UJ  a: 

II 

UJ 

II 

o 

< 

o  ac 

*-» 

1- 

< 

_i 

O  3  O         1 

H 

z 

q:  01  z  1-  o  o  a 

UJ  h-  < 

II 

Z 

at 

II 

1- 

a. 

1- 

a 

I- 

t/i 

a 

Z 

z 

00 

UJ           1 

< 

< 

SI      <  a  tr  K 

a  00  o 

II 

o 

t-» 

II 

s 

i/i 

z 

• 

HH 

13 

»-< 

01 

_i        1 

O  O  1-       •          <   -H 

01  >  m 

M 

3 

II 

UJ  O 

»-« 

O  UJ 

> 

H 

1/1 

IM 

UJ 

-I        1 

1- 

z 

Z  UJ      >  a  UJ 

01 

II 

"  o 

II 

Q  U 

I 

z 

(T 

ac 

Z 

l/l 

00 

1— t 

cc 

O         1 

1  u 

1- 

:£ 

Q  <  Q  Q  Z  3  cr 

UJ   wj 

II 

u 

UJ 

II 

1— » 

H-« 

UJ 

< 

UJ 

o  UJ  z  a 

CC           1 

3 

00 

UJ  cr  3  UJ  UJ       3 

r      UJ 

II 

< 

(T 

II 

> 

a. 

UJ 

1- 

u. 

z  s  a  a 

1— i 

q: 

1-       1 

Q 

UJ 

00 

_l  O  -1  -1        UJ  _l 

H-  m  « 

II 

II 

o 

m 

s 

_i 

u. 

t-t 

UJ 

z 

UJ 

Z          1 

Z 

> 

a. 

«  o  u  1-  Q  cr  -I 

u  > 

II 

II 

cr 

1- 

)-M 

3 

t-4 

ac 

-1 

o 

u. 

l-« 

>  O         1 

o 

z 

O 

<  cr  z  <  z  3  < 

O  CC  UJ 

II 
II 
II 

II 
II 
II 

a 

'-' 

1- 

1/1  Q 

a 

UJ  1-  O  Z  O  O         1 

u 

" 

t- 

U.   Q.   •-•  U.   <   1/1   U. 

1-  a  CC 

M 

II 

II 

II 

II 

II 

II 

II 

II 

z 

II 

II 

O  1- 

II 

< 

< 

< 

< 

II 

H^ 

Z 

II 

> 

UJ 

II 

1- 

UJ 

II 

1 

I 

II 

(J  Q 

II 

u 

w- 

o 

<— 

II 

< 

l-< 

II 

i/i 

1 

00 

1 

II 
II 
II 

II 
II 
II 

-) 

— 

-t 

•- 

II 

II 

a 

t- 

II 

II 

~i 

1  z 

II 

II 

UJ 

1  O 

II 

II 

1-4 

«J 

II 

II 

I 

II 

z 

II 

(/) 

cr 

II 

o 

II 

1  o 

II 

*-4 

II 

1- 

» 

1   H 

II 

1- 

II 

Z 

< 

II 

a 

II 

UJ 

_l 

z 

II 

— 

M 

z 

UJ 

3 

O 

II 

cr 

II 

z 

z 

O 

II 

1— « 

o 

II 

•-• 

l/l 

UJ 

1— 

II 

(T 

i/i 

II 

< 

01 

q: 

< 

II 

Q 

UJ 

II 

K 

z 

II 

(/I 

Q 

II 

Z 

q: 

00 

■— t 

II 

II 

o  o 

1  u  Z 

II 
II 

II 
II 

u 

U. 

CE 

< 

II 

t-  i/> 

K 

II 

II 
II 
II 

— 

<    00 

< 

II 
II 
II 
II 

II 

II 

II 

II 

II 

II 

II 

w- 

II 

II 

a. 

II 

a 

II 

II 

UJ 

II 

in 

(0 

II 

11 

z 

ID 

II 

II 

c 

o 

II 

o 

3 

II 

o 

1  o 

II 
il 

a. 

Z 

II 
.1 

■.0 

fO 

545 


CO  ID 
—  OD 


O  CO 

Z  O 

UJ  UJ 

O  I- 
<  < 
a  Q 


z 
o 

t— • 
to   K 

D  < 


<  I/) 

O 

K  -1 


(/I 


^ 


(S 
r 
M 
O 

CM 


O 

z 


q: 
c 

a 


11 

II 

1/1  II 


Q    II 

UJ     II 


O    II 
O  uJ    II 


UJ 

-I 

K  D 

X  Q 

I-   (J  UJ 
LO   ►-■    I 

O  UJ  <_) 
O  5  i/l 


O 

a. 
Ill  o 
I- 

<  ac 
Q  o 

ui 

UJ  z 
3  O 

a  a 
(/) 


o 


o 

UJ 
Z  (T 

O  -I 

•-  3 
I-  o 

(_)  UJ 

<  cc. 


z 
o  I 


U  Q 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II     I 

II    U  CM 

II    I/)    I 

II    -5   — 

II 


CO 

>v  < 

-  a 

(M  I 

>.  O 

t  (/» 

O  -5 


CD 

^  < 

"  a 

(M  I 

^  u 

O  -> 


I    < 
Z  -J 

•->  _l 

UJ 

u.  a. 
o  o 

(/)  Q. 
U  UJ 

<  I 
a  H 

z 

z 

UJ  1/1 

•-  < 

>  UJ 

UJ  cr 
a.  u 


o 

cr  z 

UJ  o  < 
-I  I- 

a  <  - 

Z  -I 

<  3  to 

i/>  o  a 

UJ  o 
UJ  a 

(£  Z 

3  O  — 
00  Z 

1/1  >-■  I- 

uj  cr  =) 

cr  3  o 
a  a 

^  UJ  u 

Z  H  UJ 

<  <  X 

I-  cr  u 


t/1 

z 
o  o 

Z  •-' 

<  1- 

< 

00  Q 

I-  z 

-I  UJ 
3  Z 
1/1  s 
UJ  o 

K  U 
UJ 

I-  cr 
cr 

O  UJ 

a  Q 

UJ  >- 
a  > 

o 
■  cr 

0)  Q. 


UJ  Z 
>  C3 


1  </) 


-I  Q  • 

<  ^ 
-SO 

u  UJ  cr 

UJ  I-  < 

0.  00  o 

00  >  D 

t/) 
UJ  w  s 

X  UJ 

I-  CD  « 

u  > 

O  q:  UJ 

I-  a  tr 


> 

a 
cr 

UJ 

to  u. 

UJ 

■-  I 


>  3 

I-  Q 

U  UJ 

<  I- 

< 

UJ  (-) 

«  O 

>  to 

UJ  00 

cr  < 


Q  to 
Z  UJ 
<  — 


I  > 

O  " 


z 
o 

>-    I 

t-  < 
u  z 

o  z 
o  < 
cr.  t- 

I-  z 

z  o 
«  u 

UJ  UJ 

-I  cr 
CD  3  < 

•1  I-  I 

00  00 
00   >-i 

O  O 

a 


I 

D  00 

O  I- 

UJ  _l 

cr  3 

00 

00  UJ 

O  (T 

a 


z  z 


l/l  l-l 

z 

O  -J 

(-*   UJ 

I-  > 

< 
o 

z 


UJ  O 


z  < 

z  - 
O  u 


O  Z  U. 

<  o  o 


O  I- 


Z  Q 

UJ  q: 

I-  < 

to  O 

>  03 
to 

UJ 

u  > 

cr  UJ 

a  cr 


< 
> 


< 
> 
I 

u  — 
to   I 

-)  CM 


1/1 

I 

u  — 
00    I 


IT 

■^  u 

cc  00 
O  UJ 
■yi  Q 


I-    00   I- 

<  to  u 


oc 

UJ 

z  o 


II 
II 
II 
II 
II 
II 

N 

II 

H 

li    O 
M    O 

It  to 


10 


546 


1  'D 


O  03 

Z  O 

HI  uj 

O  H- 

<  < 

a  o 


II 

ti 

" 

— 





^^ 

II 

■~~ 



II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

II 

UJ 

II 

II 

II 

II 

_l 

II 

II 

II 

II 

H 

3 

II 

II 

II 

II 

00 

X  Q 

II 

II 

II 

II 

K  1-  O  Ul 

II 

II 

II 

II 

U 

l/l 

»-• 

X 

II 

II 

II 

II 

< 

O  UJ  u 

II 

II 

II 

II 

a  u  3 

to 

II 

II 

II 

II 

s 

II 

11 

II 

II 

1-4 

II 

M 

II 

II 
II 
II 

II 

II 
II 

II 

II 

—  II 

II 

^  II 
II 

II 

t3 

II 

II 

II 

II 

<r 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

(- 

II 

(0 

(O 

II 

(0 

II 

II 

< 

a 

II 

CO 

CO 

II 

oo 

II 

II 

O 

o 

II 

^ 

< 

^* 

< 

II 

^ 

II 

II 

i/i 

II 

-- 

Q 

^ 

a 

II 

CM 

II 

II 

UJ 

z 

II 

CN 

1 

tM 

1 

II 

^ 

II 

II 

15  O 

II 

V. 

o 

^ 

u 

II 

>. 

II 

II 

Q  a 

II 

t 

(/I 

t 

00 

II 

in 

II 

II 
II 

CO 

II 
II 
II 

O 

-> 

o 

-> 

II 

o 

II 

II 

II 

—    II 

II 

II 

II 

UJ 

00 

00 

II 

II 

II 

II 

(T 

UJ 

1- 

t-H 

II 

II 

II 

II 

3  U 

UJ 

_l 

l-H 

II 

II 

II 

II 

a  a. 

UJ  CD 

cc 

_J 

Z) 

II 

II 

II 

II 

UJ 

3 

I    • 

X  O  S 

o 

m 

(T 

00 

-1 

II 

II 

II 

II 

u  o 

t-  < 

1-  a  UJ 

1- 

z 

t-t 

I  O  UJ 

UJ 

z 

II 

II 

II 

II 

O  l/> 

•I  K 

a  i-i 

< 

O  CO  1- 

K 

a 

> 

o 

II 

II 

1/1 

II 

II 

cr 

S  <  O        > 

_l 

00 

t-H 

< 

UJ 

II 

II 

z 

II 

II 

a 

UJ 

z 

Q  1-  •-•  UJ 

D  t-  O  3 

-1 

K 

_l 

00 

II 

II 

o 

II 

II 

-I 

O  00 

"  a. 

O 

z  a 

3  CC 

UJ 

II 

II 

1—) 

II 

II 

O  OQ 

t— 1 

t-  Ui 

00 

UJ 

UJ 

OO  13  O 

-I 

Q 

II 

II 

I/)  1- 

II 

II 

z 

t-l 

H 

-1  -1 

H  _l  Z 

K  a 

(£ 

a 

UJ 

a 

< 

•^\ 

II 

II 

u 

II 

II 

< 

00 

< 

3  m 

-J  UJ  O 

t-H 

o  o  tr 

UJ 

t-H 

z 

o 

II 

II 

3  < 

II 

Q 

II 

CO 

z 

00  < 

3  >  -■ 

_i 

<j 

u. 

t- 

cr 

u 

UJ 

q: 

II 

UJ 

II 

II 

UJ 

II 

UJ  O 

•— 1 

UJ   _l 

CO  UJ  00 

< 

z 

u 

CO 

UJ 

1- 

< 

II 

UJ 

II 

1-  Q 

II 

z 

tr 

II 

lA 

a 

s  a  « 

UJ  -1  UJ 

3 

10 

< 

o 

a 

co 

o 

II 

z 

z 

II 

UJ 

II 

o 

t-4 

II 

o 

< 

< 

tr       Q 

Q 

•— 

u. 

cr 

00 

oo 

> 

CO 

II 

o  o 

II 

<  1/1 

II 

t-H 

o 

II 

_i 

t- 

UJ   > 

_i 

UJ 

UJ 

00 

II 

t-H 

II 

O 

II 

t- 

o 

II 

2 

-1 

z 

a  < 

1-  <  5  ^ 

3 

oc 

O 

z 

K 

cr 

UJ 

^., 

3 

II 

t- 

h- 

II 

1-  _i 

II 

u 

UJ 

II 

UJ 

< 

o 

< 

a  —  UJ  o 

UJ 

3 

-1  o 

Z 

D 

X 

UJ 

II 

u 

u 

II 

u 

II 

< 

(T 

II 

t-4 

u 

a  u. 

O  o  1-  q: 

t-< 

_l 

_l 

s 

UJ 

-I 

1- 

III 

t-H 

II 

< 

< 

II 

1/1 

II 

II 

> 

tr 

S  1- 

a  UJ  00  < 

> 

1— 1 

o  s 

o 

t-H 

o 

> 

II 

II 

Q 

II 

II 

UJ  O 

u. 

O  01 

UJ  a  >  o 

UJ 

< 

a  o  UJ 

< 

o 

cr 

UJ 

II 

o 

o 

II 

UJ 

II 
II 
II 

II 
II 
II 

oc 

U. 

o  o  i  cE  00  00  as 

ct 

u. 

< 

o 

(T 

u. 

1- 

a 

cr 

II 
—  II 

z 

z 

II 
—  II 

II 

II 

Ct 

II 

II 

II 

II 

QC   O 

II 

II 

II 

II 

O 

II 

II 

II 

II 

O  UJ 

II 

II 

II 

II 

1- 

II 

z 

II 

II 

II 

i/i  < 

II 

o 

1- 

II 

z 

< 

< 

< 

II 

< 

II 

u 

II 

t-H 

z 

II 

1/1 

> 

II 

II 

z 

II 

1- 

UJ 

II 

1 

1 

II 

UJ 

II 

3 

II 
II 
II 
II 

< 

Q 

II 
II 
II 
II 
II 

1 

u 

00 

1 
in 

II 
II 
II 
-  II 
II 

z 
o 

z 

1 

II 
II 
II 
—  II 
It 

II 

II 

II 

II 

H 

II 

II 

II 

II 

Z 

II 

II 

II 

II 

o 

II 

II 

II 

II 

tj 

II 

II 

II 

II 

II 

II 

z 

II 

II 

cr 

II 

II 

o 

II 

II 

o 

II 

II 

»-• 

II 

•." 

II 

K 

II 

II 

1- 

II 

II 

< 

II 

II 

a 

II 

II 

_l 

z 

II 

II 

t-» 

II 

II 

D 

o 

II 

II 

QC 

II 

II 

O 

II 

II 
II 

a 

U 
l/l 

II 

II 

II 
II 

UJ 

cr 

1- 
< 

II 
II 

II 

Q 

UJ 

II 

II 

z 

II 

II 

lO 

Q 

II 

II 

>/i 

II 

II 

II 

II 

u 

z 

II 

II 
II 

II 

II 
It 

II 

—    M 

x 

< 

II 

-    M 

II 

03 

1- 

I/) 

1- 

II 

II 

1 

II 

< 

uo 

o 

II 

II 

-- 

II 

O 

II 
II 

u 

•"• 

< 

II 
II 

II 
—    II 

H 

II 

II 

11 

H 

(M 

II 
II 
II 

II 
II 
II 

II 

II 
II 

N 

H 
II 
II 

o 

II 

II 

II 

ae. 

II 

z 

II 

II 

UJ 

II 
II 

(0 

II 
II 

<o 

II 
II 

(- 

II 

z 

CO 

M 

— 

' 

II 

II 

a 

11 

t-t 

2 

II 

o 

1 

o 

II 

o 

II 

u 

3 

II 

c 

II 

o 

II 

a 

II 

a 

z 

II 

lO 

II 

<o 

II 

± 

__ 





11 

_ 





_, 



II 

II 

547 


Ifl  <o 
—  CD 


O  05 

Z  O 

lU  01 

<  < 

a.  a 


z 
o 

3   < 


<  on 
O 

t-  -I 
u 

i/i 

Q 
UJ 

M 

at 

QC   O 

o 
a  UJ 


u 

z 

3 


H 

M 

« 

N 

II 

II 

II 

II 

II    1/1 

M    I- 

M    U 

II    4 

II  a 

II  s 

II  •-• 

II 

II  — 

M 

M 

II 

M 

II 

II 

II 

II 

M 

II 

M 

M 

II   — 

II 

H 

n 

II 

H 
II 

H 
II 
II 

II 
II 
II 
M 
II 
II 
II 
M 
U 
II 
II 
II 
II 
II 
II 

II 

II   — 

II 

II 

II 

II 

II 

M 


UJ 

_l 

I-  3 
X  Q 
I-  i3  lU 
(/I  I-  I 
O  111  O 
O  »  00 


o 


o 

z 


o 


II 
II 

H 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
H 
II 
II 
11 
II 
II 


IX 
UJ  O 
I- 

4   CC 
Q  O 

00 

UJ  Z 
D  O 

o  a 
I/) 


cs 

IP  o 
-^  o 

10  (/) 

o  -) 


cs 

-V  < 

IT)  O 

^  o 

lO  l>0 

O  -) 


ID 

~^  < 

in  a 

>^  u 

If)  to 

o  -) 


II 
II 

M 
H 
H 
H 
H 
H 
N 
N 
H 
H 
N 
N 
H 
II 

II 

II 
II 
II 
II 
II   (0 

II    GO 


o 

UJ 

z  a 

o  •- 

I-  O 
U  UJ 

<  a 


> 

111  o 
I-  cr 

<  a. 

a  I- 
a.  (/) 
o  ul 
a  3 
a  o 
a  UJ 

<  IX 


I-  UJ 

"  o 

s  z 

m  4 

z!  r 

1/1  C_) 


Z  <D  I- 

►-1  U  4 

(/>  1-1 

z  4  a 

o  o  a 

-  o 

I-  o  a 

u  H  a 

111  a 

h-  (O  4 

o 

IX  O  UJ 

a  z  3 

4  l/l 

I/)      i/i 
i/i  r>  1-1 

OJ  I 

ex      -4 

a  -  > 

CC  I 

UJ  I/)  u 
>  Q.  1/1 

o  o  -) 


o  o 

4   I- 

a 

K  to 

Z  K 

O  _) 

CJ  3 

00 

q:  UJ 

3  (X 

o 

>  I- 

cr 

o  o 

K   Q. 
UJ 

z  cx 
o 

I-  a 
<_>  o 

4  I- 


•-' 

z 

_l 

1-1 

UJ 

1/1 

> 

UJ 

UJ 

o 

• 

-J 

^^ 

s  o 

-J 

UJ 

ae 

4 

t- 

4 

>-( 

1/1  o 

<J 

> 

O 

UJ 

to 

a 

^.^ 

s 

to 

UJ 

oo 

►-« 

Ui 

<_) 

> 

X 

ac 

UJ 

t- 

a. 

CL 

4 

II  in  o 

II  —   I 

n  ^  u 

II  in  1/1 

II  o  -> 

II 

II 

II 

II 

II 

II 

II 

II 

II  (O  a 

II  —    - 

II    (O  UJ 
II  17)  o 

1^  o 


o 

z 
o  >- 

z  o 

z 


UJ  m 
I  o 


4 
> 

o  o 
a  I- 
a 

4 


(X  1-1 

a  > 


I-  -J  o 


z 

II    UJ  K 

M     Z    UJ 

II 
II 
II 


m  3  >  to 

u  to  UJ  UJ 

to  111   _l  O 

4  (X 

o 


UJ 


Z 

O  I- 

—  z 

I-  UJ 

u  o 

4  " 


II  ' 
II 
H 
II 

It 
II 
II 
II 

II 
II 

II  U 
II  1/1 
II  -) 
II 


a.  s 

S   4 
1-1   > 


-I  a. 

4  o 

Z  Q. 

ta^  UJ 


cj  to 

UJ   > 

a  I/) 


u.  a  oo  ^  CD 


4 
Q 


4          4 
UJ 

4 
> 

O  M 

1/)    1 

(J  M 
(/)    1 

N 

II 

II  4 

II  > 
II  I 
HO  — 

II  to     I 


z 
o 


a. 
^  <_) 
tr  i/i 

O  111 
1/)  Q 


II    UJ 

II  a. 

II  o 

II  a 

It  a. 
II 

II  i/i 

II   u 

II 
II 
II 


h-  oO  K 
4  to  CJ 
C_)  —   4 


I-  (O 

4 
Isl   ad 

IX  tn 

3      - 
c/)  — 

00 
LU   1/1 

IX  a 
a  o 

cx  o 

UJ    I- 

> 

o  z 


a  o 

3  1- 
I- 
UJ  4 
Q  O 
O  - 


UJ  CC 


o 

z  ~-- 

4  UJ 
>  Q 
4 
O  £X 
Z  J  2 


II 

N 

H 

II 

IX 

UJ 

h- 

r 

o 

^ 

s 

O 

o 

D 

o 

a 

z 

<D 

__. 

11 

N 

H 

II 

II 

II 

II 

05 

II 

— 

II 

o 

II 

o 

II 

U3 

548 


—  to 


OOO 

z  o 

Ml  Iti 

«  < 
a  o 


V) 

z 
o 

1/1  K 

u 

3  < 

I-  Q 
UJ 

<  to 
O 


Q 

UJ 
M 

ac 
oc  o 

I- 

(/i  < 

o 


m 
I 

o 


o 

z 


a! 


M 

II 
H 
II 
II 
U 
II 
II 
II  1/1 

II  H 
II  <_) 
II    < 

II  a 
II  z 
II  •-■ 
II 

II  — 
II 
II 
II 

H 
H 
H 
H 
H 
H 
II 
II 
II 
II  — 


_l 
I-  -D 

r  Q 

I-  (J  UJ 

i/i  1-1  r 

O  UJ  u 
U  3  I/)   II 

II 
II 
II 

II 

II 

a 

UJ  o 


4  IX 

Q  O 

on 
UJ  Z 

D  o 

o  a 

(/I 


z  a 

o  -1 

-1  3 

I-  O 

(J  UJ 

<  tr 


in 


CD 


o 


z 
o 

1-1  z 

I-  UJ 

U  Q 

<  >-i 


3  I- 
Q  O 
UJ  < 

r  a  00 

U  5  1-1 
to  1-1  X 

^      I- 
a.  a. 

UJ  UJ  X 

5X1- 

O  I-  11 

a  o  2 

z 

<  Q  Q 
Z  Z  UJ 
<  1- 
O.  4 
O  I-  " 
_1  00  u 
UJ  O  O 
>  U  1/1 
UJ  -^  1/1 

a  UJ  < 


01 

u 

z  z 

o  o 

t-  > 

<J  < 

z 

3  -I 
-)  -I 
Z  < 

o  a 

U  UJ 

> 

z  o 

z 

UJ   4 

o 

z  r 

4  K 
X  >- 


I 

s 
o 

O  l3 
UJ  Z 

a.  1-1 

Q 

■  (T 

S  4 

UJ  O 
»  UJ 

>  a. 

UJ 

a  lo 

z 

UJ  O 

(T  1-1 

4  K 

5  4 
\-  Q 
u.  Z 

o  UJ 

to  S 


m 
u 

00 
UJ  4 

m  o 

-I  UJ 
-I  X 

2 
> 

UJ  m 
o 
z  Q 

4  Ul 

X  a 

u  o 

_i 

00  UJ 
-1  > 

1  UJ 

K  a 


UJ  m  s 

X  O  UJ 

K  tr  i-H 

a.  > 

o  ui 

H  1-1  a 


t/1 


z 

t3 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 

II 

II 

II 

II   (O 

II    CO 

II    V, 

II    — 

II    CM 

II 

II 

II 

II 

II 

II 

II 

II  1— 

II  I- 

II  tr  u 

II   O  4 

II 

M 

II 

II 

II 


O 


z 
o 


3  >  00 

10  UJ  UI 

UJ  -J  til 

-I  S 

H   4  UJ 

a  1-1  t- 

O  O  00 

a  UJ  > 

UJ  tl  00 


UJ  -I 

_l  4 
3 

II   Q  O 

II   UJ  »- 
II    I 

II  <_)  O 

II   00  Z 

II  i-i 

II   UJ  O 

M    O  Z 

II   11  o 

>  a 


II   O  01 


tr  to  ^^  tn 


-.  u 

a  lo 

O  UJ 

lO  a 


4 
> 

I 

U  CM 
lO     I 


cr  UJ 
a  q: 


z 

UJ  -^ 

_l  I-  t3 

4  00  q: 

n   >   4 

tj  00  O 
UJ  ^  CD 

a 

to  CD  S 

U  UJ 

>  a  1 
CD  a  > 

UJ 

a  ^  <x 

UJ   n 

z      z 

O  -I  o 

n    UJ  n 

00    >  00 

00   UJ  UJ 

4   -I  Q 


>  CO 

tr  u 

4  cr 

t-  a 

UI 

cc  n 

(_)  n 
UJ 

01  _l 

UJ 

UJ  > 

I  UJ 


4 
> 

I 
II    u  — 
11  l/l   I 

II     ->  (N 

II 

II 
> 

> 


4 
> 


II  4  -1 

M 

n  y)  ^ 

II  (-1  S 

II  iT  3 

II  -^  _l 

M  00  _l 

M  Z  UJ 

II  O  CQ 


II  . 

I-  to  I-  II 
4  to  u  II 
CJ  n   4    II 

II 

II 
II 
II 
II 
II 
II 


tr 

UJ 

Z  CQ 

-  z 

a  z 


o 

o 


II 
II 
II 
II 
II 
II 
II  o 

II    (SI 

II  c 
II  a 

II   (O 
II 


II 
II 
II 
II 

M 

II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

-  II 
II 

M 

II 
II 
II 

II 
II 
II 
II 
II 
II 
II 

-  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

-  II 
II 
II 


549 


ti 

^— 

^_— — — 

■ 

■ 

■ 

II 
II 

■^ 

II 

II 

II 

^_ 

II 

II 

'  ^ 

II 

11 
II 
II 

O  00 

II 

UJ    II 

z  o 

II 

_l  II 

II 
II 
11 
II 
II 
It 
It 
II 

II 

1- 

3  II 

liJ   UJ 

II   I/) 

X  Q   II 

O  1- 

II    K 

h-  O 

UJ    II 

<  < 

II    O 

ly)  i-H 

I  II 

a  Q 

II    < 

O  UJ 

O    II 

II  a 

u  S 

t/l  II 

II  z 

II 

II  >-• 

II 

II 

II 

II 
-   II 

II  — 
II 

II 

II 
II 
II 
II 

II 

CJ  II 

II 

a  II 

II 

UJ 

O   II 

II 

1- 

II  <o 

(O 

(0 

II 

II 

<  (T    II   03 

CO 

00 

II 

II 
II 

Q  O    II    ^ 
I/)    II    — 

^  < 

^  Q 

X. 

< 

M 
II 

II 

UJ 

Z    II    <N 

CN     1 

(N 

1 

II 

II 

3  O    II    ^ 

>^  o 

•v 

u 

II 

ti 

Q 

a  II  ^ 

^  l/» 

^ 

1/) 

II 

II 
II  — 

II 

UI   II   o 

O  -) 

O 

-) 

II 
-   II 

II 

II 

11 

II 

_l   00 

i/i 

II 

It 

II    1 

3  1- 

<_) 

1 

II 

II 

II      I-H 

1 

Q  <J 

4—1 

z 

ffl 

II 

II 

II  z 

1- 

•-H 

UJ  < 

z 

z  o 

(J 

UJ 

ffi 

2 

II 

II 

II  < 

u. 

1.4 

X  a  i-o  o  o  o  o 

to 

I  U  UJ 

II 

II 

II  o  o  t- 

u  z 

I-H 

4-4 

•-I 

UJ 

z 

UJ 

< 

t- 

a 

►-4 

II 

II 

II    (X 

(/) 

1/1 

_l 

I/)  1-1 

I 

K 

> 

cr 

4-4 

m  o 

a 

> 

II 

1/1 

II 

II  o 

UJ 

UJ 

^ 

t- 

o 

< 

Q 

o 

UJ 

II 

z 

II 

II 

13  3  > 

a  CC 

z 

cr 

-1 

UJ 

1- 

4-4 

q: 

II 

o 

II 

II  u. 

Z 

O  UJ 

UJ  UJ 

I  3 

_l 

3 

< 

_i 

X 

1— • 

II 

1—4 

II 

II  o 

UJ 

-1 

2  X 

H 

-5 

-J 

UJ 

o 

4-4 

1- 

00 

z 

II 

in  ^- 

II 

II 

3  a 

z 

O  1- 

l-H 

z 

< 

4-4 

UJ 

2 

K 

-I  o 

II 

o 

II 

II   H 

UJ 

UJ 

< 

a  o  s  o  CC  >  a 

> 

_l 

UJ 

1—4 

II 

D  < 

II 

Q   II   i/> 

UJ 

X  S 

z 

u 

UJ 

UJ 

Ui 

m 

D 

> 

to 

II 

It 

UJ    II    i-i 

>  O  1- 

ac 

<  Q 

Q 

> 

a 

00 

O 

to 

UJ 

UJ 

11 

t-  Q 

H 

z 

CE    II   -1 

UJ 

z 

N-4 

Z  Z  UJ  Z  O 

Z 

z 

Q 

UJ 

-I  Q 

II 

UJ 

II 

o 

>-i    II 

a 

< 

o 

< 

< 

1- 

►-4 

UJ 

o 

< 

UJ 

CC 

II 

<    LO 

II 

t— 1 

r)  H  UJ 

X 

1- 

X 

a 

< 

z 

< 

4—4 

I 

a 

_J 

Z 

II 

o 

II 

\- 

O   II   Q 

z 

u 

u 

O  1- 

1— 4 

UJ 

< 

QC 

1— 

u  o 

1- 

< 

tu 

^^ 

II 

t-  _| 

II 

u 

UJ    II    >-> 

o 

X 

J  1/1  o  o 

5 

< 

_i 

cr 

1—4 

1- 

a 

II 

u 

II 

< 

tr  II  > 

UJ 

(M 

m 

UJ  o  o 

z 

X 

h- 

Q 

00 

UJ 

o 

<_) 

00 

QC 

II 

l/l 

II 

II  o  t- 

cr 

— 

u 

>  u 

1/1 

< 

1- 

u. 

Z 

4—4 

> 

a 

UJ 

> 

< 

II 

Q 

II 

M  cr 

< 

< 

01 

CE 

UJ  ~^ 

1>1 

I 

t—l 

O 

UJ 

I 

UJ 

UJ 

a 

00 

O 

II 

Ui 

II 

II  a 

ISI 

2 

IT. 

a 

O  UJ 

< 

u 

2 

01 

Z 

K 

Q 

q: 

to 

■"^ 

m 



11 
—    II 

Ni 

II   — 
II 

——  II  — 
II 

II 

CC 

II 

II 

o 

II 

q:  O 

II 

II 

u 

II 

o 

II 

II 

t/> 

H 

O  UJ 

II 

II 

< 

11 

1- 

II 

z 

II 

o 

II 

l/l  < 

II 

O  1-   II   < 

< 

^ 

< 

< 

< 

II 

(_( 

II 

»-t 

Z    II   Q 

< 

> 

II 

z 

II 

1- 

UJ    II      1 

o 

1 

II 

o 

II 
II 
II 

< 

Q    II    U 
<-•   II   to 

II    -> 

1 

«J  — 
1/1  1 
-1  N 

u 
(/» 

-> 

CM 
1 
CM 

11 
M 

II 
—   II 

II   — ■ 
II 

II 

II 

II 

II  o 

M 

^N 

II 

II 

II  cr 

»-« 

<~> 

II 

II 

II   u 

z 

K 

II 

II 

II 

Z 

II 

II 

II  i/i 

1- 

1— f 

II 

II 

Z   II  o 

a 

II 

II 

o  II  cr 

o 

H 

II 

II 

i-i    M 

a 

II 

II 

1-    II   x 

< 

< 

II 

II 

a  II  U3  u  2 

II 

II 

— •     II     CM 

z 

c/l 

II 

II 

CC    II    — 

^-^ 

11 

II 

1  U   II   01  Q 

II 

M 

tr 

,  i/i  II  If) 

UJ 

Z 

II 

II 

c 

1   UJ    II 

UJ 

o 

II 

II 

ly 

1  Q  II  q: 

u. 

t-t 

II 

II 

II   u 

(/) 

1- 

II 

II 

II  i/i 

i/i 

< 

II 

CO 

II   - 

II 

1-  1/1  1-   II 



-— 

-  — 



— 

■^"*" 

"^^~ 

—   II 

II 

1 

II 

<  un  tj  II 

11 

(SI 

O 

II 

U  ►-   <    II 

II 

II   — 
II 

' 

II 

tM 

II 
II 
II 

11 
II 
II 

o 

II 

II 

z 

II 
II 

(X    II 
UJ    II    — 

II 
II 

1- 

II 

Z  CD    II    <N 

II 

cx 

rl 

—  2    II   O 

II 

o 

II 

o  3  11  a 

II 

a. 

II 

a  z  II  (C 

1 

II 

uJ 

3e: 

•1 

>l 







._ 





. 



_. 

II 

550 


—  ta 


O  00 

z  o 

UJ  UJ 

<  < 

a.  a 


II 

II 

11 

II 

tl 

II 

H 

M 

H 

N 

H 

H 

II 

N 

II 

UJ 

II 

H 

II 

_i 

II 

H 

II 

tl 

1- 

D 

II 

II 

II 

II 

1/1 

X 

Q 

II 

II 

II 

II 

1— 

K 

o 

UJ 

II 

H 

II 

II 

u 

00 

►-• 

I 

II 

II 

II 

II 

< 

O 

UJ 

o 

II 

II 

II 

II 

a. 

u 

$ 

1/1 

II 

II 

II 

II 

s 

II 

tl 

II 

II 

II 

II 

II 

II 
II 
II 

II 
M 
II 

II 
_  II 

II 

-   II 

II 

II 

II 

O 

II 

11 

II 

II 

cz 

II 

II 

II 

11 

UJ  O 

II 

II 

II 

II 

1- 

11 

(0 

II 

(0 

II 

II 

< 

oc 

II 

CO 

11 

m 

II 

ri 

Q 

o 

11 

^  < 

11 

^ 

< 

II 

II 

1/1 

II 

to  Q 

11 

(0 

Q 

II 

II 

UJ 

z 

II 

O    1 

n 

o 

1 

II 

II 

3  O 

II 

^  U 

II 

^ 

u 

II 

II 

O 

a 

II 

IT)  l/l 

II 

Ifl 

00 

II 

II 
II 
II 

i/i 

II 
II 
II 

O  -) 

II 

o 

-1 

II 
—   II 

II 

II 

II 

II 

II 

11 

It 

II 

UJ    1 

II 

UJ 

1 

II 

H 

II 

o  a 

-J 

II 

o 

(X 

II 

II 

II 

Z   UJ 

Q 

< 

S 

II 

z 

Ul 

UJ 

CO 

II 

II 

II 

<  > 

UJ 

Z 

UJ 

•"-N 

II 

< 

> 

X  U 

3 

II 

II 

II 

I  O  J  <J 

< 

1— 

o 

1- 

Q 

11 

X 

o 

s 

1- 

ir 

UJ 

II 

II 

II 

u 

UJ 

z 

z 

a 

UJ 

00 

q: 

11 

o 

UJ 

a. 

t— t 

II 

(/) 

II 

II 

z 

>-( 

< 

1^ 

• 

o  a 

> 

< 

11 

z 

»-i 

o 

> 

II 

z 

II 

II 

UJ  •-■ 

>  I 

1- 

a  00  00  o 

11 

UJ 

►-« 

> 

1- 

»-( 

UJ 

II 

o 

II 

II 

a 

UJ 

<J 

> 

»-H 

UJ 

s^ 

m 

11 

tr 

UJ 

i-H 

a: 

II 

II 

II 

<  u 

IT 

1-  (D 

QC 

Ol 

II 

< 

CO 

a. 

00 

II 

<y)  t- 

II 

II 

J  (N 

00 

HH 

a 

X  m  3 

II 

3 

(N 

H 

_i 

z 

II 

u 

II 

II 

1-  O 

UJ 

»-l 

>  o 

K 

u 

UJ 

11 

1- 

01  UJ 

_)  UJ  O 

II 

:d  < 

II 

o 

II 

u.  r^ 

a 

I 

)— 1 

1 

00 

<r 

*-* 

11 

u. 

1X1 

cr 

3 

> 

*-» 

II 

II 

UJ 

II 

O  01 

< 

1- 

1- 

z 

UJ  o  a 

> 

11 

O 

01 

< 

00 

UJ 

OO 

II 

K  o 

II 

Z 

IZ 

II 

(/»  1^ 

» 

u  o 

Q  H 

UJ 

II 

00 

r» 

3 

UJ 

_j 

UJ 

II 

UJ 

M 

o 

II 

H 

CE 

UJ 

o 

»-< 

a 

11 

K 

cz 

Q 

II 

<   OO 

N 

►-I 

D 

II 

00  1- 

U. 

UJ 

u. 

• 

S 

00 

I-* 

II 

00 

1- 

U. 

_i 

II 

o 

M 

1- 

O 

II 

00  1/1  O 

o 

u. 

1- 

►- 

z 

11 

00 

00 

O 

1- 

< 

Z  -~ 

II 

H    -I 

II 

o 

UJ 

II 

UJ   UJ 

1/1 

HH 

UJ 

z 

> 

_J 

-1  o 

II 

UJ 

UJ 

00 

K 

»-H 

UJ  O 

II 

o 

II 

< 

IT 

II 

O  3 

00 

UJ 

ac 

3 

UJ 

t-* 

II 

u 

3 

O 

U 

*-  ac. 

II 

;/) 

II 

II 

O  O  -1 

z 

cr 

o 

1— 

00 

> 

00 

II 

O 

O  -1 

a 

UJ 

OO   < 

II 

Q 

II 

II 

a.  UJ 

_l 

o  o 

00 

z 

UJ 

UJ 

UJ 

II 

a 

UJ 

-I 

UJ 

a 

>  O 

II 

UJ 
M 

II 
II 
M 

II 

a.  c£ 

< 

(J 

u. 

< 

UJ 

(T 

_l 

a 

II 
~  II 

a 

QC 

< 

cc 

OO 

00  (D 

II 
—   II 

II 

II 

II 

a 

II 

II 

II 

II 

a  o 

II 

H 

II 

II 

CJ 

II 

H 

II 

II 

O  UJ 

II 

II 

II 

II 

K 

II 

z 

II 

II 

II 

l/l   < 

II 

o 

K 

II 

< 

< 

II 

< 

< 

II 

(_> 

II 

Z 

II 

> 

II 

> 

II 

z 

II 

K 

UJ 

II 

1 

II 

1 

II 

3 

II 

U  Q 

II 

u  — 

II 

u 

^- 

II 

II 

< 

t~-* 

11 

i/i   1 

II 

00 

1 

II 

H 
H 
II 

II 
II 
II 

->  — 

11 
■^  It 

~> 

— 

II 

-   II 

II 

11 

II 

II 

X  a 

11 

at 

II 

II 

II 

U  3 

II 

^-^ 

o 

II 

II 

II 

<  Q 

II 

K 

II 

II 

II 

UJ 

II 

n 

II 

II 

II 

cc  > 

II 

c^ 

<— s 

II 

II 

Z 

II 

1- 

II 

K 

It 

II 

o 

II 

_l  l-> 

11 

o 

Z 

II 

II 

11 

UJ   -1 

.  II 

UJ 

UJ 

II 

II 

1- 

II 

z  — 

K 

11 

a. 

z 

II 

II 

a. 

II 

<   ID 

Z 

II 

1/1 

UJ 

II 

II 

_« 

II 

a  — 

UJ 

II 

o 

II 

II 

CE 

II 

v/1 

U 

II 

00 

< 

U3 

II 

II 

i_« 

(_' 

II 

-  H-* 

00 

II 

u. 

Z 

\ 

II 

II 

EC 

1/1 

II 

cr  > 

< 

II 

a 

< 

— 

II 

II 

a 

UJ 

II 

^- 

11 

z 

II 

II 

t/i 

Q 

II 

00  Q 

o 

II 

Q 

00 

II 

II 

II 

z  z 

z 

11 

Q 

00 

a 

11 

II 
II 
II 

II 
II 
II 

-^  < 

I-' 

II 
II 

< 

u 

o 

11 
—   II 

m 

1- 

i/i 

1- 

11 

II 

t 

II 

< 

i/i 

(_) 

II 

II 

II 

O 

II 
II 
II 

u 

— 

< 

II 
II 
11 

11 

II 
—   tl 

II 

(S 

II 
11 
H 

II 
H 

II 

H 
H 
II 

o 

II 

II 

N 

z 

II 
II 

UJ 

II 
11 

m 

V 

H 
II 

K 

II 

z 

m 

II 

<v 

M 

II 

(X 

H 

)— • 

2 

II 

o 

O 

II 

o 

II 

u 

D 

II 

o 

o 

II 

a 

II 

II 

a 

Z 

II 

M 

(O 

II 

10 

II 

II 

551 


CD 

10 

— 

CO 

^ 

r- 

^- 

\ 

O  CD 

z 

O 

UJ 

111 

o 

1- 

< 

< 

a. 

a 

II 

" 

1 

~ 

II 

II 

1 

II 

II 

1 

II 

II 

1 

II 

II 

II 

II 

UJ 

II 

II 

_l 

II 

II 

1- 

3 

II 

II 

l/l 

I 

Q 

II 

II 

1- 

1-  o 

UJ 

II 

II 

o 

in  -1 

r 

II 

II 

< 

O  UJ  u 

II 

II 

Q. 

(_>$(/) 

II 

II 

S 

II 

II 

t— « 

II 

II 

II 

II 

II 

II 

o 

II 

II 

a 

II 

II 

tu  o 

II 

II 

i- 

1    (O 

<o 

lO 

II 

II 

< 

cr 

1    CO 

00 

(S 

II 

II 

Q 

o 

1   ^ 

^ 

^-^ 

< 

II 

II 

lO 

1  <)• 

^ 

^ 

Q 

, 

II 

II 

UJ 

z 

1    CN 

CM 

(N 

1 

II 

II 

Z)  O 

1    ^ 

^ 

^ 

i_) 

II 

II 

o  a 

1    'J- 

T 

T 

01 

II 

II 
II 

on 

1    O 

O 

o 

-> 

II 
—   II 

II 

II 

II 

Z 

1 

o 

1 

II 

II 

UJ 

UJ 

1 

1 

UJ 

1 

1- 

u 

IT 

01 

II 

II 

-1 

cc 

(T 

3 

U  1- 

UJ  O  s 

< 

II 

II 

z 

m 

3 

_l 

3 

»-« 

01 

cr 

1- 

UJ 

UJ 

II 

II 

1    O  UJ 

o  a  01  o 

Q 

o 

1- 

»-• 

t— 1 

U 

1- 

1 

II 

II 

1    1- 

-I 

to 

a 

o 

Z  01  O 

z 

_l 

l-« 

z 

a 

< 

»^ 

u 

II 

II 

CD  UJ 

0. 

u. 

UJ 

a  o 

ZD 

o 

(£ 

01 

II 

V)    II 

1  UJ  O  o 

O 

t- 

o 

01 

-J 

UJ 

1- 

Z 

-> 

II 

Z    II 

1  3  ac 

Q  UJ 

z 

- 

UJ 

z 

UJ 

UJ 

(/) 

1- 

Z 

o 

II 

O   II 

1  1/)  a. 

z  <  s 

01 

i-H 

o 

a. 

>  UJ 

< 

o 

Q 

II 

<->  II 

1   00 

H 

»-l 

-1  UJ  O 

UJ 

UJ  Q 

»-« 

u 

t- 

Z 

II 

1-  II 

1      HH 

< 

l-H 

u. 

a 

-J 

Q. 

H 

ac 

t- 

_( 

,— V 

QC 

u 

< 

II 

O    II 

UJ 

moo 

HH 

(T 

z 

o 

a 

cr 

< 

II 

<  II 

Q 

1      t/) 

1- 

U. 

Q  a  o  a 

Z 

d  O  -1 

UJ 

cr 

o 

o 

^-» 

II 

II 

UJ    1 

1      ^-t 

< 

»-• 

o  cc 

a 

UJ 

a 

< 

1- 

< 

cr 

o  t- 

«- 

II 

Q   II 

z 

a  1 

1  r 

r 

> 

-I 

a. 

01 

O 

UJ 

i-i 

01  O 

a 

> 

cr 

1 

II 

Ui    II 

o 

*-< 

1  1- 

1- 

_i 

UJ 

1- 

UJ 

z 

(X 

u 

> 

m 

Q. 

o 

II 

01     II 

t-t 

3    1 

UJ 

>  CJ  < 

O 

3 

UJ 

01 

< 

o 

a 

^_^ 

II 

O   II 

>- 

O   1 

on 

> 

01 

oi 

UJ 

z 

I 

Q 

a. 

^^ 

2 

K 

a 

<      ■ 

II 

-1   II 

u 

UJ    1 

01 

u. 

K 

»-• 

O 

1-^ 

K 

cr 

. 

(/I 

UJ 

UJ 

3 

>  -^ 

II 

U    II 

< 

a.  1 

UJ 

1— 1 

01 

u 

> 

Z 

UJ 

01 

ID 

H-« 

Z) 

Z 

01 

1     CM 

II 

II 

ir> 

tr 

t—l 

UJ 

Q 

-J  o  o 

r 

Z 

UJ 

U 

> 

01 

o 

U     1 

II 

a  II 

01 

UJ 

X 

a 

Z 

o 

Z 

)-i 

1- 

O  I 

a 

UJ 

i/l 

O 

(/I   — 

II 

UJ     II 
NJ     II   • 

< 

> 

UJ 

a 

< 

01 

— 

K 

o 

(- 

a 

oc 

— 

1- 

1- 

-)  ^- 

II 

•-■     II 

II 

cr  II 

II 

O   II 

II 

O    II 

II 

UJ    II 

II 

1-  II 

z 

II 

<  11 

o 

1-  1 

< 

< 

<         < 

UJ 

4 

II 

U    II 

»-» 

Z    1 

> 

UJ 

1— 

II 

Z   II 

1- 

UJ    1 

1 

1 

1 

M 

3   II 

o 

Q   1 

u 

^ 

U   CM 

(_) 

_ 

II 

II 

< 

I-"   1 

01 

1 

01     1 

00 

t 

II 

II 

-> 

— 

->  — 

-) 

(N 

II 

II  - 

"~ 

—^ 

~~  1 

II 

—    II 
II 

II 

O  01 

II 

II 

■-4 

1- 

II 

II 

1- 

Z 

II 

II 

< 

UJ 

II 

It 

a.  z 

II 

II 

Z    1 

< 

UJ 

II 

II 

O    1 

a. 

q: 

.1 

II 

•— •    1 

UJ 

»-< 

II 

II 

1-   1 

01 

D 

II 

II 

a  1 

O 

II 

II 

•— •  1 

1- 

UJ 

II 

II 

a.  1 

UJ 

a 

II 

II 

»-• 

U    1 

II 

II 

a 

C/l     1 

01 

\- 

II 

H 

Q 

UJ    1 

_l 

UJ 

II 

II 

W1 

Q    1 

1- 

-> 

II 

II 

ac 

II 

II 
H    - 

O 

z 

II 

II 

1- 

I/) 

h-    1 

—    II 
II 

II 

< 

01 

U    1 

II 

II 
II   - 

o 

"-• 

<  1 

II 

II 

—    II 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

a  1 

II 

II 

UJ    1 

\n 

II 

II 

z 

en  1 

fSi 

II 

II 

>— • 

S   1 

O 

II 

II 

>_) 

3    1 

a 

II 

II 

a. 

Z    1 

<o 

II 

M 

II 

552 


<si  (D 

II 

"~~ 

■^~^~ 

II 

"^ 

■~~ 

.^— — _ 







— 



II 

Xk 

II 

II 

II 

^- 

II 

II 

II 

^ 

II 

II 

II 

•  ^ 

II 

II 

II 

O  (D 

II 

UJ 

II 

II 

Z  O 

II 
II 

1- 

_| 
•  3 

II 
II 

II 
II 

uj  lu 

II 

U1 

r  o 

II 

II 

O  f- 

II 

t-  H  O  UJ 

II 

II 

<  < 

II 

u 

01  1-. 

1  I 

II 

II 

Q.  Q 

II 

<  O  UJ  u 

II 

II 

II 

a 

U  5  1/1 

II 

II 

II 

s 

II 

II 

II 

^H 

II 

II 

II 

II 

II 
II  ^ 

II 

II 

II 

^  II 
II 

II 

O 

II 

II 

II 

cr 

II 

II 

II 

UJ  O 

II 

II 

II 

1— 

II    (O 

(0 

II 

II 

< 

ir 

II    <B 

CO 

II 

II 

Q  O 

II    ^ 

< 

\ 

< 

II 

II 

(/) 

II    (N  Q 

tsi 

a 

II 

II 

UJ 

z 

II    — 

1 

1 

II 

II 

30 

II    ^ 

o 

^ 

u 

II 

II 

Q 

a 

II  in 

01 

in  00 

II 

II 
II 

01 

II  o 

II  — ~ 

-> 

o 

-) 

II 

II 

II 

^  II 
II 

11 

II 

s 

1 

z  < 

o 

1 

II 

II 

II 

UJ 

3    1     Ul 

•— •  1 

o 

1- 

< 

1 

II 

II 

II 

-J 

00  3  O    1    00 

►H    Ul 

i-i  CO 

a 

00 

UJ 

II 

II 

II 

s 

OQ 

Z  -1  3  ►-■  1- 

CC 

1-  < 

Ul 

< 

1- 

cr 

CQ 

3 

II 

II 

II    O  UJ 

o  a 

UJ  O  Q  Q  -J 

_1 

u 

00 

u 

_l 

u 

UJ 

II 

M 

II  1- 

-1  01  cc  o 

00  O  Z  3  UJ  Z 

<  Q 

< 

cr 

UJ 

cr 

II 

II 

II 

(D  Ul  0.  u. 

-      a  O  oo  >  cj 

UJ 

m  z  o 

I  a  > 

II 

(/I 

II 

II  UJ  O  O 

S  O  1-  U  UJ  UJ  •-• 

00  1- 

o 

> 

1- 

UJ 

11 

z 

II 

ii^KOujzuJujz      tr 

_1  00 

-  < 

< 

•— 1 

a 

1- 

4_4 

a: 

II 

o 

II 

II    01 

a. 

r  < 

_l  00  «  Q 

Ul 

X  Z 

s 

1- 

00 

z 

i-t 

o 

l-< 

II 

»-* 

II 

II    00 

1- 

HH 

-ISO        UJ  H 

_l  Q  1-  O  Ul 

< 

z 

_j 

1- 

z 

II 

I/) 

1- 

II 

II  f-> 

< 

h-l 

u.  a  o  a  1-  (X  cr 

< 

1-4 

1- 

o 

< 

Q 

t_i 

-1  d 

II 

u 

II 

II 

Ul 

(X  o  o  -.  o 

-  5 

•  00 

l-l 

a 

a 

oo 

i/i 

UJ 

»-t 

II 

D 

< 

II 

Q 

II    00 

H 

u. 

o  a. 

a  a  z  1/)  a 

U  Ul 

/-N    Ui 

o 

X 

< 

< 

1- 

> 

00 

II 

II 

UJ 

il    1— 

< 

»-4 

O 

a      UJ  UJ 

UJ  1- 

a  a 

»- 

cr 

UJ  O 

a. 

_i 

UJ 

Ul 

II 

t- 

Q 

II 

Z 

(X 

II   X 

X 

> 

-1  O      00  Q  a 

a  CO 

a 

Ul 

UJ 

< 

z> 

_l  Q 

II 

UJ 

II 

o 

>-i 

II    H 

h- 

_i 

UJ 

Z  1-  UJ  z 

00  > 

<  z 

> 

< 

UJ 

cr 

u 

00 

II 

< 

1/1 

II 

t— 1 

zj 

II 

• 

Ul 

> 

>-i  <  O  3 

00 

O  Ul 

cr 

»- 

UJ 

_l 

S 

II 

O 

II 

h- 

a 

II    00 

> 

00  00  UJ 

>  X  Q 

UJ  w 

ffi  UJ 

o 

3 

< 

> 

a 

a. 

< 

UJ 

,-s 

II 

1- 

_l 

II 

o 

UJ 

II    01 

u. 

1- 

»-* 

o 

_i  1-      cr  00 

X 

m 

o 

UJ 

3 

t- 

UJ 

(- 

Q 

II 

o 

II 

< 

a 

il    UJ 

HH 

01 

u 

O        Z  UJ  z 

1-  m 

s 

UJ 

_l 

(-4 

00 

t- 

O 

00 

cr 

II 

LO 

II 

II  00 

cc 

»-4 

UJ  Q  00  O  O  X  O 

o 

UJ  00 

1- 

> 

< 

_l 

1 

cr 

Ul 

> 

< 

II 

Q 

II 

II     00 

UJ 

X 

a 

Z  UJ   Z   "H  1-   " 

o  a. 

«  < 

< 

ul 

> 

f— . 

1- 

o 

a 

i/i 

o 

II 

UJ 

fsl 

II 
II  - 

II  < 

II  -— 

> 

UJ 

a 

< 

a  >-  1-  o  1- 

1-  Q. 

>  X  u 

(T 

UJ 

CQ 

UJ 

a 

1/1 

--' 

CD 

II 

c-t 

II 
II 

II 
II 

—  II 
II 
II 

a 

O 
o 

II 
II 

II 
II 

II 
II 

Q 

UJ 

II 
II 

z 

II 

II 

II 
II 

oO 

< 

II 

O  K 

II  < 

< 

< 

< 

II 

<_) 

II 

•— • 

z 

II    UJ 

UJ 

II 

z 

II 

t- 

UJ 

II    1 

1 

II 

o 

II 
II 
II 
II   • 

< 

Q 

II   u 

II    01 

II  ~> 

CM 

1 

00 

-> 

1 

CM 

II 
II 
II 

II 

II 

—  II 
II 

II 

II    O  00 

II 

II 

II  •-1 

1- 

II 

11 

II    K 

z 

II 

II 

11  < 

UJ 

M 

II 

II  q: 

s 

II 

II 

z 

11  < 

UJ 

II 

II 

o 

II  a. 

cr 

II 

II 

»— t 

II    UJ 

I-* 

- 

II 

II 

1- 

II    00 

o 

II 

II 

a 

II 

o 

II 

II 

•-« 

II  (- 

UJ 

II 

II 

£r 

II    UJ 

a 

II 

II 

>— « 

u 

II 

II 

M 

a 

00 

II    00 

h- 

II 

II 

Q 

UJ 

II  _l 

tli 

II 

II 

1/1 

Q 

II  1- 

-i 

II 

II  a 
II  o  z 


o 


QC 

o 
a. 

UJ 

ct 


1-  1/1  1- 

<   00  u 

U  -i   <t 

~— 

II 

II 

II 

II 

•— 

II 

cr 

cr 

II 

UJ 

II 

in 

z  on 

II 

(M 

-  s 

II 

o 

■-1  3 

II 

o 

a  z 

II 

iO 

553 


CM   CD 


O  00 
Z  O 


<   < 

a.  a 


1/1 
z 
o 

on  K 

u 

I-  Q 
UJ 

<  to 

o 


Q 
UJ 
N 

CC  O 

a  UJ 

t- 
i/i  < 

c_) 

Z 
3 


O 

z 


a: 
o 
a. 


00 


I-  D 

r  Q 

t-  t-  O  UJ 

U  l/>  •-•  I 

<  O  UJ  u 

a  u  3  00 

s 


o 
cr 

UJ  o 

I- 

<  ac 
a  o 
1/1 
UJ  z 
3  o 
o  a 

00 


II 
II 
II 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

ri 

II 

II  (O 

II    (S 

II     ~v 

II  10 

II  O 

II  >v 

II  IT) 

II  O 


(O 
CO 

^  < 

;0  o 
O    I 

^  o 
in  00 
o  -> 


(O 
CO 

^  <t 

(O  Q 
O    I 

^  u 

U1  00 

o  -) 


a 

UJ 

z  cr 

o  I- 

I-  a 

(_>  UJ 


II 

II 

II       -I 

II    UJ   -I 

II  o  < 
II  z  cr 

II    <  UJ 

II  I  > 
II  u  o 
II 

z 

< 

3  CO 
01 

u.  o 
II  O  01 
II    to  (O 

II 

II    00  K 

II  00  00 

II    UJ  UJ 

II  u  z) 
II  o  o 

II    IZ   UJ 

II  Q.  q: 


a  -I 

O  <  2    • 

Q.   »-•  UJ  '^^ 

UJ  u  I-  a 

K  UJ  1/1  a 

a  >  < 

•  00  00  o 

3     ^m 

UJ  UJ 

I-.  I  m  3 

>  H  1_)  UJ 
UJ         IT  >-• 

a  o  a  > 

I-  UJ 

UJ      i-i  a: 
a  00  1-1 
<  I-        z 

3  -I  -I  t3 
I-  3  UJ  i-i 

U.  00    >   (/I 
O  UJ   UJ   UJ 

(/I  a  -I  Q 


_l  01 

3  h- 

Q  O 

UJ  < 

r  a  00 

u  s  « 

00  «  X 

-^  I- 

cr  cr 

UJ  UJ  x 
3X1- 

O  I-  >-" 

a  o  3 
z 

<  o  o 

Z  Z  UJ 

<  I- 

Q.  < 

O  I-  -• 

_l  00  u 

UJ  o  o 

>  U  00 

UJ  ^  1/1 

O  UJ  < 


(/) 
U    I 
-I  5 
Z  z  o 

o  o  o  o 

>-•■-■  UJ  z 

I-  >  q:  i-H 

u  <  o 

z        •  q: 

3  -J  3  < 
-J  _)  UJ  O 
Z  <  I-i  UJ 

O  cr  >  cr 

U  UJ  UJ 

>  q:  00 
z  o      z 

1-1         UJ  O 

z  a  •- 

<   <  K 

3  < 

X  K  Q 

u.  Z 

O  UJ 

3  00  S 


(D 

U  UJ 

00  I 

UJ  <  I- 

m  o 
o 

-I  UJ  I- 

_J  X 

>-  I-  00 

3  K 
>  _i 

UJ  ffi  3 

0  00 
Z  Q  UJ 

<  UJ  a: 

1  a 

u  O  I- 

_i  q: 

1/1  UJ  o 

i-i  >  a 

X  oJ  UJ 

I-  Q  a 


CD  3 
U  UJ 

tr  1-1 
a  > 

UJ 

z 
-I  o 
UJ  ►-■ 
>  00 

UJ   UJ 

-I  Q 
-I  S 


i_)  00  q: 

UJ  >  < 

a  00  o 

00  -^  (D 


z 

O  I- 

1-  z 

I-  UJ 

U  Q 

<  ■-• 


II  < 

II  > 
II    I 

II  o  — 

II  1/1    I 


o 

u 
1/1 

< 
o 

< 

u  — 

00     1 


< 
> 

I 

O    tSI 

00   I 

-)  CN 


—  u 
a:  oo 
a  UJ 

00  Q 


I 

o  u 

II  1-t  l~l 

II  UJ  O 

II  3  O 

II  _i 

II  UJ 

II  00  1/1 

II  cr  -I 

II  UJ  UJ 

II  >  UJ 

II  UJ  I 

II  cr  3 


I-   00  I- 
<  00  u 

u  •-  « 


II 

II  — 
II 


cr 

UJ 
Z  IS 

-1  s 

U  3 

a.  z 


(O 

(N 

O 

o 

(£ 

II 
II 
11 
11 
It 
II 
II 
II 
II 

H 
II 
II 
II 

H 

II 

II 

II 
II 
II 
II 

II  (O 
II  CO 
II  ^ 
II  CM 
II  — 
II  ^ 

II  in 

II  o 


II 
II 
II 
II 
II 

H 

II 
II 
II- 
II 
II 
II 
II 
II 

II    (U 
II     UJ 

II  z  z 
II  o  o 

II   HH  *-H 

II  I-  I- 

II  u  o 

II  <  < 
II 

II  o  o 

II  z  z 


II 

II 
II 
II 

II 

II 
II 
II 
II 

II  UJ 


z  — 
O  I 

z  - 


II 

II  I 

II  z 

II  o 

II  I 

II  I- 

II  I 

II  'J  u 

II  1-1  1-1 

II  UJ  O 

II  3  O 

II  -I 

II  UJ 

II  1/1  l/l 

II  cr  -I 

II  UJ  UJ 

II  >  UJ 

II  lU  X 

II  cr  3 


II 

II 

»— 

cr 

ID 

(N 

O 

II  o 


554 


(SI  (O 

CM  CO 


O  m 

z  o 

m  uj 

o  1- 

<  < 

a  a 


II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
l/l  II 


z 
o 

>/1  1- 

u 

:d  < 


i/i 


to 


UJ 

_l 
t-  Z) 
I  c. 

I-  (J  UJ 
<J  to  ►-■  X 
<  O  UJ  (_j 
a  (J  s  I/) 

s 


II 
II 
II 
II 
II 
II 
II 

1-  Q   II 

UJ   II 

<  1/1   II 

O   II 

I-  _J    II 

U    II 

l/l        II 

O    II 

UJ    II 
M    II 

i-l  •-•  II 
a:  II 

CE  O    II 

O   II 

O  UJ   II 

I-  II 


ct 

UJ  o 

I- 
<  tr 

Q  O 

l/l 

UJ   Z 

Z)  O 

o  a 
I/) 


o 

Ul 

z  cr 

o  -■ 

-■  3 

I-  O 

U  Ul 

<  IX 


z 

O  I- 

--  z 

f-  Ul 

(J  o 

<  -< 


ct 
—  o 
q:  (/I 
a  Ul 


to 

(S 


(O 

o 


in 
o 


oo 


o 


in 

o 


ce  I 
3  < 
o  r 
1-1  (J 

u.  UJ 

z  a 

o 

u  o 

z 

<  I- 

o  o 

K  =) 

-J 

o  u 
a  z 
i/i  >-• 


u  z 
Ul  o 


Ul  1- 

1/)  < 


I  l-H 

(/)  UJ  >-■ 

-J  <  -J 

U  3  Ul 

z  t-  > 

>-■  U.  Ul 
O  -I 

a  (/) 

O  Ul 

u.  -J  a 

•<  -t 

Z  QC  u 

O  Ul  z 

I— •  >    »-H 

I-  o 

< 

N  Z  5 

(-H  t-H     ul 

_l  •-• 

UJ  Z     > 

Z  O  Ul 

z  "H  a 


Ul 

t- 
•  < 

—  a 

o  a 
o  o 
«»  cc 
to  a 
a 
H  < 
to 

Ul  Ul 
3  D 
or  to 
Ul  to 
tr  >-" 

Ul  < 

o  > 

Z    I 

<    !_> 

r  i/i 


I 
cr 

H  to 
Z  K 
O  -I 
(-)  3 

to 
a  Ul 
3  ct 


O  o  i- 


i—  I 

»-i  ul 
CL 
_l 

UJ  Z 

>  O 

Ul  •-• 

_i  to 

UJ 

-I  a 

< 


u  oc 

Ul  O 

q:  (- 

->  o 

Q  < 


(J   UJ  ^v 

Ul  I-  Q 

Q.  l/l  a: 

to  >  < 

I/)  o 

UJ  w  OD 
X 

I-  CD  3 

(_)  UJ 

O  CC  - 

I-  Q.  > 


< 
> 

I 

u  — 
l/l  I 
-J  — 


< 

< 

< 

UJ 

Q 

<_> 

(N 

U 

n 

l/l 

1 

to 

1 

-) 

•— 

— ) 

•— 

n  u. 
O 

1  Z 

o  o 


UJ 

cr 

_i 


O 


h-  l/l  1- 

It 

<  l/l  l_i 

II 

u  >-  < 

II 

—  ^— —...^ 

II 

o 

z 


X 

o 
a. 


q: 

UJ 

r*. 

z  m 

IN 

-  s 

o 

l^  3 

o 

a  z 

o 

555 


en  (O 


O  00 
2  O 

UJ  lU 

<  < 

a.  a 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
It 
II 
II 
II 
II 
II 
II 
(/)  II 


z 
o 


CM 

o 


o 

z 


a: 
o 
a 


(/)  I-  i\ 

U  II 

3  <  II 

II 

K  Q  II 

UJ  II 

<  l/l  II 

O  II 

I-  -I  II 

U  II 

I/)  II 

O  II 

UJ  II 

M  II 

•-1  ■—  II 

a.  II 

q;  o  II 

O  II 

Q  UJ  II 

H  II 

1/1  <  II 

U  II 

Z  II 

Z3  II 


UJ 

_J 

i/>  X  Q 
I-  H  O  UJ 
O  1/1  «  X 
<  O  UJ  <_) 
a  (J  3  01 

s 


IX 
Ul  O 

t- 

<  tr 
Q  o 

1/5 
UJ  z 

a  o 

a  a 

I/) 


z  oe 

o  -• 

>-•  3 

I-  O 

(J  UJ 

<.  ac 


z 
o 

--  2 

I-  UJ 

u  o 


z 
o 


(O 


o 


oo 


O 


I      I 

o  < 
</>  _1 

UJ  UJ 
(T  IT 

(/I 
(X  (/)  K 
O  UJ  UJ 

u.  a  -I 

3  -I 
Z  -I  o 

<  1-1  (T 
-I  <  I- 

a  u.  z 
o 

<  2  u 
o 

O.  S  o 
O  I- 
-I  o 

UJ  Z  UJ 

>  l-l  > 

Ul  >  1- 
Q   -J  K 


-■^  UJ 
<A  I- 

-    < 

<  1-1 
I-  cr 
a.  a. 
a.  o 
cr 
o4  a 

0. 
bO  < 

U  UJ 
K  3 
(D  i/l 
(/)  (/I 


CO  < 

-  > 

O  I 

X  o 

CC  I/) 

^  -J 


I 

cr 

I-  to 

z  H 

O  -I 

O  3 

(>1 
cr  UJ 
3  cr 
o 

>  I- 

cr 

o  o 

\-  a. 

UJ 

z  cr 
o 


u  cr 

Ul  o 

a  I- 

1-1  o 

o  < 


UJ  z 
>  O 

UJ    M 
_l    1/1 

UJ 
-I  Q     • 

<      ^ 

►H  S  Q 

<_)  UJ  cr 
UJ  t-  < 

a  c/)  o 

1/1  >  03 

i/i 
u)  —  2 
I         UJ 
t-  CD  « 

(-)  > 
O  q:  UJ 
I-  a  a 


< 
> 

I 

(J  — 
(/)  I 

-t  CM 


<      < 

UJ 

< 

a 

1/1    1 
-5  (N 

<J  CO 

(/)  1 

«  o 

a  1/1 

O  UJ 

;/1  Q 


1-  1/1  t-  II 
<  1/1  (_)  II 

U  1-1  <    II 

" 

< 

ac 

UJ 

r* 

z 

03 

(M 

S 

o 

ij 

3 

o 

a 

Z 

(0 

556 


fM   CD 


O  CO 

z 

o 

UJ 

UJ 

O 

1- 

< 

< 

a 

Q 

II 

II 

II 

II 

II 

II 

II 

II 

II  l/> 

II  I- 

II  <_) 


II  < 
II  0 
II  3 
II  I- 
II 

II  — 
II 
II 
II 
II 
II 
II 
H 
II 
II 
tl 
II 
II 

II  - 
II 
II 
It 
II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 

O    II 
I  II 

II 
II 

II  - 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II  - 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


UJ 

_J 
h-  D 
X  Q 
I-  t3  UJ 
(/)  I-  I 
O  UJ  U 
Oil/) 


U 

I  < 

o 

UJ 

O 


O 

UJ 

rj 

(T 

tr  O 

O 

O  ui 

I- 
(/1  < 

u 

z 
3 


o 


o 

z 


o 

Q. 
UJ 


o 
a 

UJ  o 

I- 

<  a: 

Q  o 

I/) 

UJ  Z 

■D  O 

o  a. 

1/1 


to 


o 


a 

UJ 

z  ac 

o  >-• 

•-•  3 
I-  O 
(J  UJ 

<  at 


z 

O  I- 

■-  z 

I-  UJ 

U  Q 


II 

II 

II 

II 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II    _l  l/> 

II    D  I- 

II  a  u 

II   UJ  < 

11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 
II 


(O 
CD 


o 


^  < 

in  a 

CM     I 

r^  in 
O  -) 


00 

u    I 


X  a.  lo 
OS" 

10  >-•  I 

*-.  t- 
ct  cr 

UJ  UJ  X 

i  I  K 

o  I-  -■ 

Q.  O  5 
z 

<  a  a 

Z  Z  UJ 

<  t- 
a.      < 

O  K  « 

_l  i/l  O 

UI  o  O 

>  O  01 

UJ  ^  1/1 

O  UJ  < 


z  z 

o  o 

I-  > 

o  < 

z 

3  -J 
->  -J 
z  < 

0  cr 

U  UJ 

> 
z  o 

z 

UJ   < 

(J 

Z  X 

<  I- 

1  " 

U  S 


o 

(_)  o 
UJ  Z 

QC   I- 

o 

s  < 

UJ  O 

ii  UJ 

>  tr 

UJ 

ac  1/1 

z 

ul  O 

a  "-1 
<  t- 
s  < 

I-  Q 
U.  Z 
O  UJ 


m 

U  UJ 

I/)  X 

UJ  <  I- 

ffi  o 

o 

_l  UJ  t- 

_J  I 

I-.  I-  </> 

S       t- 

>  -I 

UJ  m  3 

0  1/1 
Z  O  UJ 
<  UJ  C£ 

1  a 

(J  o  I- 

-j  a 
(/I  Ul  o 
-  >  a 

I  UJ  UJ 

K  Q  cr 


IS  3 

U  UJ 

cc  ►-• 

Q.  > 

UJ 

I-.  ac 

Z 
-I  O 

UJ  (-1 

>  </» 

UJ  UJ 

-I  o 

-I  z  • 
<  ul  -^ 
>-  t-  Q 
U  1/1  QC 
UJ  >  < 
O.  1/1  O 
1/1  >^  (D 


Z 

o 

t- 
a 

H-i     O 

a  1/1 
O  Ul 
to  Q 


ID 
O 

< 

o 

< 
o 

o  — 
</1  I 
->  fO 


> 

I 

<_)  CM 
1/1  I 
-1  CO 


o  z 

I  I-  o 

Q  -I 

a  UJ  I- 

a  <  >  < 

^  X  •-■  N 

Z  I-  <  -I 

(J  -i  Ul 

1/1  UJ  UJ  z 

IT  -I  a  z 

<  u.  < 

CO  UJ  (/I  X 

cr  UJ  u 


I-  cr 

<  O 

Q  Q. 

a.  UJ 

3  (X 


O  Ul 

Z  (T 

«t 

X  «t 

o  o 
cr 

UJ 

cr  cQ 
<  cr 

3  1/1 


z 
o 

I 
(J 

II  1/1 
II  -) 
II  — 
II 


1—  u. 

o 

I    z 

o  o 


1/1 
q: 

Ul 

> 

z 
o 

UJ 

S    -I   Ct 
Q  <  3 

S  1-  -J 


I-  i/l  I- 
<  1/1  (_) 

U  "  < 


II 

II 

II 

II 

II 

a 

II 

UJ 

II 

r» 

Z  03 

II 

(M 

-  s 

II 

O 

U  3 

II 

O 

0.  z 

II 

13 

II 

II  — 
II 

II  — 
II 


CM 

cr 

r^ 

CM 

o 

o 

tfl 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
It 
II 
It 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
It 
It 
II 
II 
It 
It 
It 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
It 

-  It 
It 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

-  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


557 


If)  (D 
(N   00 


o 

CO 

z 

o 

UJ 

UJ 

O 

1- 

< 

< 

a 

Q 

II 
II 
II 

II 
II 
II 
II 

II  LO 

II  K 

II  (_) 

II  < 


Z 

o 

to  I- 

u 

D  < 


o 


Q 

UJ 
M 

OC 
CC   O 

o 
a  UJ 

I- 
(/)  < 

(_) 

z 

D 


o 

r- 

(M 

O 

z 

1- 

a 

o 

a 

UJ 

a 

UJ 

_l 
I-  D 
X  Q 

K  O  UJ 

I/)  -  X 
O  UJ  u 
U  i  V) 


UJ 


< 

Q 


tr 
o 

1/5 
111  z 
3  O 

o  a 


II 
11 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

II  (O 

M  CO 

II  -V 

II  (O 

II  o 

II  ^ 

II  u^ 

II  o 

II  — 
II 


(O 

CO 


o 


in 

o 


IS 


o 


o 


00 


o 


IT) 

o 


UJ 

ir  I/) ' 

Z  <  I-  I 

o  a  -I 

3  . 


II    I-  U.  l/l 


a 

UJ 
Z  (T 

O  - 
—  3 
K  O 
U  UJ 

<  a 


3  O  UJ 

_i  (/I  a 
o 

i/i  _i  I- 

-I  a 

a  <  o 

UJ  (T  a 

l/l   UJ   UJ 

o  >  oc 

a  o 
o 

a.  X    • 

a  o  S 

3  UJ 


II   :i  o  -' 

a  (r  > 

O  I  UJ 

5  I-  a 


UJ  z 

>  a 

UJ  •-■ 

_1  in 

UJ 

-I  o 

< 

-  2     • 

(_)  UJ  -^ 
UJ  I-  Q 

Q.  1/1  ir 
uo  >  < 

lO  O 

UJ  ^  m 

I 

I-  m  s 

(_J   UJ 

o  a  -• 
I-  a  > 


I  to 

1  <  ■-■ 
o  a  I 

UJ  S  K 

X  - 

u  I 

l/l  0-  K 

^  UJ  — 

tr  X  i 

UJ  t- 

2  O  Q 
O  UJ 

a  Q  I- 

z  z  < 

<  <  _• 

s  u 

I-  o 

a  1/1 00 

O  O  00 

_j  u  < 

UJ  ^ 

>  UJ  on 

UJ  -I  I- 

Q  3  U 


on  I    to 

O  S  "-I 
-51 

Z  Z  O  I- 

O  O  O 

1-1  «  UJ  O 

I-  >  cr  z 

u  <  -• 

Z  •  Q 

3  -I  S  a 

->  _l  UJ  < 

Z  <  i-H  t3 

o  tr  >  UJ 

(_)  UJ  UJ  q: 

>  a 

z  o  i/l 

>-  UJ  z 

z  a  o 

UJ  <  <  « 

0  3  1- 
Z  I  I-  < 
<  I-  u.  Q 

1  —  O  Z 
u  3  1/1  UJ 


a 

o  I- 

-I  q: 

UJ  o 

>  a. 

UJ  UJ 


m  ■ 
o 

-I  (J 

_i  on 

►-  < 

3  O 

UJ  UJ 

0  I 
Z  H 

< 

1  > 

u  m 


_i 

<  z  • 

«  UJ  '- 

(_)  I-  Q 

UJ  to  (X 

a  >  < 

on  to  o 

UJ 

X  (D  3 

I-  o  UJ 

a.  <-> 

o  a  > 

I-  UJ 

-•  a 

to  ■-• 

K  z 

_i  _i  O 

:3  UJ  " 

on  >  on 

UJ  uj  UJ 

q:  -I  Q 


z 

O  I- 
-"  z 

K  UJ 
(_)  Q 
<  •- 


II 

II 

II 

II 

II 

II 

II 

II    < 

II    > 

II     I 

II  o  — 

II  1/1   I 


< 

UJ 


(J   (SI 
to     I 


< 

o 

I 

i_)  ro 
on   I 


OD 
U 
t/1 

< 

o 

< 
o 

(J  — 
to  I 
->  tM 


z 
o 

I- 

Q. 

q: 
u 
on 

I   UJ 

I  Q 


II  z 

II  O 

II  o 
II 

II  3 

II  O 

II  I- 

II  i/i 

II  ^ 

II  a 

II  s 

M  D 

II  Q 


II 


tO 


I-  I/)  I- 

<  to  u 

u  ■-   < 


II  uu  z 

II  S  IT 

M  on  ui 

II  on  o 

II 

II 
II 


cr 

LJ 

(S 

z 

CQ 

CM 

^-< 

s 

o 

ij 

D 

o 

a. 

z 

IC 

64-548    0—86- 


-19 


558 


(C  ID 
CM  00 


O  O) 
Z  O 

UJ  111 
<J  t- 
4  < 

a.  a 


~4 
O 


o 

z 


o 

0. 


II 

II 

II 

II 

II 

II 

II 

II  1/1 

II  I- 

II   u 

II  < 

II  a 

II  z 

II  >-> 

II 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

H  

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


lii 

_l 

r  Q 

(-  O  UJ 
I/)  «  X 
O  UJ  u 

o  J  to 


o 
ct 

UJ  O 

<  a 

a  o 

1/) 

UJ  z 

D  o 

o  a 

{/) 


M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 
M    (O 


a 

UJ 

z  s 
o  •-• 
•-  3 
t-  o 

U  UJ 

<  a 


z 

O  H 

—  Z 

t-  UJ 

CJ  Q 

<  <- 


II    CO 

II  ^ 

II  (O 

II  o 

II  ^ 

II  in 

II  o 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 
II 
II 
II 

II  < 
II  > 
II  I 

II  U  CM 
II  (/)  I 
II  -)  (M 

II 

II 
II 
II 
II 
II 
II 
II 
II 
M 
II 
II 


cr 
-•  u 
a:  i/i 
O  UJ 


I-  1/1  H 
<  i/l  O 

(_)■-■< 


a. 

UJ 
Z  03 
-  5 

a  z 


II 
II 

II  (S 

II  (SI 

II  o 

II  o 


(0 
00 

^  < 

(N  I 

>>  CJ 

T  </> 

o  -> 


(0 

(0 

(S 

lO 

^  2 

^  5 

<»  < 

t  < 

CN     1 

tSi     1 

-^  O 

^  O 

"T  00 

^  (/) 

O  -) 

o  -) 

a.  o  < 


u  z 

-"  o 


u  < 

UJ  I- 

a.  z 

(/)  UJ 

z 

<  UJ 

-I 
UJ  a 
o  S 

> 

O  a 

cr  o 

Q.  u. 


z  z 

o  o 


I 

< 


< 

I-  isl 
z  -> 

UJ  -I 
S  UJ 
3  Z 

a  z 
I-  < 
(/)  z 
z  u 

o 
a  z 

UJ  *^ 
>  Q 

O  3 

cr  -I 
a  u 
z  z 


u  o 

< 
a  I- 

z  z 

•M  UJ 

z 
o  to 
111  I/) 

*-  UJ 

<  I/) 
•-I  t/1 
o  < 

o 

(/)  UJ 
(/I  Q 

<  3 

-I 
Q  U 

z  z 

<  ►-• 


z 
o 


Z  (X 
3  O 

cr 

I-  UJ 
CO  _i 

z  a 
•-•  z 

O    (/> 

z 

I-.  a 

i/l  o 

<  u. 

UJ 

ce  z 
u  o 
z  •- 


l3  U1  O 

<  <  1/1 

cr 

UJ  1/1  UJ 

>  Q  Z 

o  -  o 

U  O 

z  o 

I-  UJ  H 

Z  -I 

<  O  Q 
O  1/1  UJ 
Z  1/1 
3  X  O 

o  I-  a 

UJ  O  0. 

a.  la  o 


UJ  o 
X  (J 
I-  cr 
a 
o 


1/1 

I-  -I 

_l  UJ 

3  > 

1/1  UJ 

UJ  -I 

cr 

-J 

I-  < 

a  HH 

o  u 

a  UJ 

UJ  a. 

cr  1/1 


3 

UJ 

^^ 
> 

UJ 

cr 

z 

C3 

»-« 

ui 
O 

s    ■ 

UJ  '^ * 
I-  Q 

c/1  cr 
>  < 

1/1  o 


< 
> 

u  •- 
I/l  I 
-1  — 


<      < 

UJ 

< 

a 

<_)  (M 

1/1    1 

1/1  1 

> 

_l 
< 
> 

z 
o 

I-  t/1 

<  z 

-I  cr 
o  UJ 

1/1  u 
"  z 

o 

3  U 

a 

<  111 


559 


!N  00 


O  OD 

z 

o 

UJ 

LLI 

O 

K 

< 

< 

a 

Q 

M 
II 
M 
II 
II 
II 
M 
II 
II 
II 
II 

n 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
i/i  II 


z 
o 

I—* 

01  I- 

o 

3  < 


to  < 

u 

z 

3 


I-  Q 

UJ 
<  I/) 

O    II 
I-  _l   II 

U    11 
1/1  M 

Q 
UJ 

ISI     II 

>-••-•  II 
q:  II 

q:  o  II 
o 

C  UJ 


II 


II 


II 


OJ 

1 

(M 

o 

•— 

CN 

o 

z 

K 

X 

c 

a 

K  3 

X  Q 

I-  O  UJ 

i/l  1-.  X 

O  UJ  U 

U   S  1/5 


o  a 
1/) 


z  a 

o  - 

—  D 

*-  a 

U  UJ 

<  cr 


00 

^  s 

t  < 

tM     I 

^  u 

V  1/5 

O   -5 


(O 

^  < 

N    I 

^  u 
^  to 

o  -> 


^  s 
t  < 
N  I 

-V  U 
TT  I/) 

O  -> 


z  tr 
<  o 


-I  UJ 

_i  _i 
cr  o 

Ul  UJ 

>  I 

o  o 
to 

z 

<  t3 

Z 

a  H- 
o  Q 

-I  Z) 
UJ   _l 

>  u 

UJ  z 
Q  i-i 


I  Ui 

<      z 

_l  UJ  ►-. 

0  O  rvj 
</)  3  < 
>->  Q  QC 

UJ  O 
UJ  a  > 

1  I 
(-  o 

I-  u. 

u.       O 

O  UJ 
>  -I 
-I  < 


Z  UJ 

O  I- 

•->  o 

►-  a 


to 

t-  -I  I 

-I  i-i  UJ 

(/J  _j 

UJ  UJ  z 

a  >  t3 

UJ    M 

I-  _i  to 
cr  UJ 
O  -J  Q 
a  < 

UJ  «  s  • 
tr  u  UJ  --> 
UJ  (-  Q 
•  a  i/i  (T 
Z  (/I  >  < 
O       1/5  o 

K-l    UJ   ^-^  (D 

H  X 

I-I  (-  CD  S 

Z        tj  UJ 

o  o  q:  « 
—  I-  a  > 


II 
II 

II  (O 

II  CO 

II  ^  s 

II  r-4  < 

II  CM     I 

II  ^  tj 

II  in  to 
no-) 

II 

II 

II  z 

II  a  O 

II  O  -• 

II  u.  I- 

II  < 

II  z  K 

II  <  Z 

II  -I  UJ 

II  a.  Z 

II  o 


X  f- 

I-  m 

z 

z  — 


I  I 
to  ce 
to  cr 
O  UJ 
a  K 
z 

U.  I-I 

o 

_I 
to  < 

z  o 

o  •- 

►1  a.  i 

t-  I-  I 

<  U  ( 

a  UJ ' 


0) 
CM 

z  o 
o  o 

l-H     iO 
(-     t/l 


UJ  CO  3 
I  U  UJ 

K  a  I-I 

Q.  > 
O  lU 
t-  I-.  (T 


l/> 


z 


II    UJ  UJ  UJ  -I 


z 

O  H 

•-•  z 

H  UJ 

U  Q 

<  •-• 


< 
> 

I 

O  — 
l/l  I 
->  <N 


<      < 

< 
UJ 

O  04 

(/>     1 

to   1 

-)   CM 

Q  > 

D  O 
-I  Ct 

<_i  a 
z  s 


Q  UJ 

lA  UJ 

Z  -I 

O  OD 

t_)  -■ 


Z)  >  01 

to  UJ  UJ 

UJ  -I  a 

-J  5 

I-  <   UJ 

a  -I  I- 

O  tJ  00 

a  UJ  > 

UJ  Q.   01 


r>  -^  q:  to  w  oQ 


I-I  u 

o:  to 

Q  UJ 
01  Q 


II  to 
II 


< 
> 

I 

u  — 
I 


< 
> 

z 
o 

t-  01 

<  z 

II  _i  q: 

II  O  UJ 
II  01  u 
II 
II 
II 


K  01  (- 
<  01  U 
(J  «   < 


Z 

o 
a 

<   UJ 


q: 

UJ 

CD 

z  m 

rsi 

-  s 

O 

^  3 

o 

a  z 

■JS 

II  — 
It 
II 
II 
II  — 

II  (T 
II 

II  O) 

II  CM 

II  O 

II  O 

II  to 

II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

•  II 
II 
II 
II 
II 
II 
II 
11 
II 
II 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


560 


m  '.D 

CM   B 


O  CD 

Z  O 

UJ    LU 

<  < 

a.  o 


II 

II 

II 

II 

II 

II 

II 

II 

II  1/1 

II  t- 

II  u 


CO 

z 
o 

1/)  I- 
u 

3  < 


<  I/I 

o 


Q 
111 
IS 

»-^  ^^ 
q: 

a  o 
o 

a  m 
t- 

1/1  < 
<_) 
z 
3 


II 

II  I 

II  : 

II  I 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  - 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


»-N| 

o 


o 

z 


a: 
a 
a. 


r  Q 

I-  O  UJ 

i/i  «  I 

O  UJ  u 

O  S  <>1 


o 

cr 
UJ  o 
t- 

<  a 
Q  o 

1/) 

UJ  Z 
D  O 

o  a 
1/1 


o 

UJ 

z  a 

o  •- 

<->  3 

I-  o 
U  UJ 

<  a. 


z 

O  I- 

i-1  z 

K  UJ 

U  Q 

<  -• 


CO 


O 


in 
o 


s 

=)  UJ 

2  r 

er  1-1  K 
O  H 
u.  a  u. 
o  o 

z 

<  U.  Z 

-I  o  o 

a      >- 

z  H 

<  o  < 
►H  a 

a  I-  3 

o  i-i  o 

_j  z  ►- 

UJ  >-•  u. 

>  u.  Z 

UJ  UJ  O 

Q  Q  O 


00 

UJ      • 

I-  UJ 

i-i  o 

-■  z 

-J  UJ  </1 


I 

S 
Z  (/I 

o 

H-   Z 

<  "I 

CC  H 
UJ  I/) 

a.  K-i 
o  X 

UJ 

a.  o 

<  z 

UJ  Nl 
_J  •-■ 
O  -I 

Z  ■-■  I-  •-■ 
11  K   <   _l 

1/1  r)  -I  u. 


UJ  OQ  3 
I  (J  UJ 

t-  a  1-1 
a  > 

O         UJ 
(-  w  (X 


<  UJ 

a  a 

<  X 

U  UJ 
Z  K 

o  r 
1-1  o 


z 
o 


3  >  1/1 
(/I  UJ  UJ 
UJ  -I  O 

a 

-I  s     • 

K  <  UJ  '- 
(T  ►-«  I-  Q 

O  o  1/1  a 

a  UJ  >  < 

UJ  0.  (/I  o 

a  i/i  w  m 


< 
> 

I 

o  — 
(/)  I 


z 
o 


I-    II   X 

a.  II  I- 


cr  II 

«  O    II 

o:  1/1  II 
a  UJ  II 

'/)  O    II 

II 
II 

II 

I-  i/i  I-  II 
<  1/1  'J  II 

U  —   <    II 

. —  II 

II 
II 
II 
II 
II 
a  II 

UJ    II 

z  m  II 

-  S    II 

O  D   II 

a  z  II 


> 
a 

I-  3 
z  a 

UJ  < 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

—  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

—  II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 

II 

II 

II 

II 

II 

<    <    II 

O        II 

I        II 

U  (N  II 
1/1  I  II 
-)  —  II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 
II 
II 

II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


561 


tsi  CD 


O  03 

Z 

o 

Ui 

UJ 

a 

(- 

< 

< 

a. 

Q 

II 
II 
II 
II 
II 
II 
II 
II 
II  l/l 

II  I-  K 

II  U  lO 

II  <  O 

II  Q.  U 

II  S 

II  x-c 

ri 


(/I 

z 
o 

l/l  I- 
o 

Z)  < 

I-  Q 
UJ 

<  i/i 
O 


o 

LU 
Isl 

q: 

(J 

O  UJ 

I- 

(/1  < 

o 

z 


CD 

1 

(N 

o 

— 

CN 

O 

z 

1— 

a: 

3 

a. 

IS 

^  z 

(C  < 

O     I 

■^  u 
in  CO 
o  -5 


to 

(O 

00 

CO 

^  5 

^  2 

(O  < 

(0  < 

O    1 

O     1 

^  u 

^  CJ 

m  I/) 

in  ijn 

o  -) 

O  -) 

II 
II 
II 
II 
II 

M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 

II 

II 

II 

II   (O 

II   (S 

II   ^  2 

II   oo  < 

II    O    I 

II   ^  u 

M     O   (/) 

II  o  -> 


z  a 

o  •- 

—  3 

I-  O 

U  UJ 

<  a. 


Q  o 

3  Z 

_l  •-■ 

U  _l 

z  •- 

•-•  < 

I- 

-  UJ 

z  o 

< 


z 

O  I- 

«  z 

I-  UJ 

U  Q 


o 
z  z 

o  — 

->  a 

<  > 

o  o 
-•  a 
u.  a 

■a  a. 
o  o 
S  u. 

UJ  O 
IZ  UJ 

<  a. 
s  - 

O   13 

q:  O 

<  UJ 

r  a 


z 

3 

o 

Q  Z 

t-  u 

o  t- 

X  •- 

I/) 
o 

t-  t- 

D  1-1 

<  O 

UJ  X 

K  Z 

<  -I 
tr  ^ 

4  UJ 

Q.  _l 

UJ  03 

LO  < 
Z 

<t  UJ 


3 

UJ  UJ 

a  (T 

_i 

(-/  u. 

z  o 

(/) 

•  z 
3  o 
a.  " 

<  V- 

< 
I  a 

U  UJ 

<  o 

UJ  •- 

l/l 
tr  z 
o  o 
u.  u 


>  I 


-I  o 

•1  I- 

IQ 
1-1  (/) 

►I  _l 
>   3 

I/) 
O  UJ 
z  tr 

< 

X  cr 
(J  o 
<  Q. 

UJ   UJ 

a:  c£ 


(0  3 

U  UJ 

er  •-■ 
a.  > 

UJ 

Z 
-I  C3 

UJ   i-i 

>  t/l 

UJ   UJ 

-I  Q 

-I  5  • 
<   UJ  '-- 

->  K   Q 

o  l/l  cr 

UJ  >  < 
Q.  l/l  O 
l/l  w  CD 


II  -I 

II  < 

II  H 

II  l/l 


I  (T 
I-  O 
3  U. 

X 
l/l  I 

u 

a.  ■-■ 
<  i 

l/l 


Z  H  I- 

<  ■-■ 

a  ID 

<  •-  • 
a  X  3 
UJ  z  a 
l/l . .  < 


II  Z 

II  UJ 

II  -I 

II  a 

II  z 

II  i-i 

II  — 


«t  Z  X 

s  u 

u.  O  < 

O  Q  UJ 


< 
> 

II     I 
II    u  ^ 

II  l/l    I 

-)  — 


< 

Q 

I 

l_)  CM 
lO     I 


lyl    I 


Z 

o 


z 
s  z 

II  o  o 

II    Q   1- 

11  I-  I- 

II  Z)  u 

-   II  X  z 

I-   II  l/l  n 

Q.    II  U. 

«   II  o 
a: 

l/l 

UJ 
Q 


II 
II 
II 

II 

II  Z 

n  O 

II  I 

II  i_)  — 

II  l/l    I 

II  iL   CM 

II 

II 
II 

II  Z 

M  S   Z 

II  o  o 

II  Q  — 

II  I-  >- 

II  D  <_) 

II  I  Z 

II  l/l  3 

II  u. 

II  O 


<  CO 

3  I 

a  z 

<  — 


3  •- 

<  CO 

3  I 

a  z 

<  — 


l/l  K 
l/l  u 

-.  < 


UJ 
Z   CD 

"  z 

Ci.  z 


II     CM 

II  n 


II  to 


II  □: 
II 

II  CN 

II  o 

u  O 

II  o 

II  10 


562 


II 

"^~ 

^^■^~ 

'^^ 

II 

'^^ 

^~"^^~ 

"^^■~ 

~ 

II 



"^ 

'~~ 

■~~~ 

II 

'~*^ 

"^ 

"~" 

"~- 



— 

— .— 

^ 

II 

II 

II 

II 

-— 

II 

II 

II 

II 

— 

II 

II 

II 

II 

•  ^ 

II 

II 

II 

II 

O  03 

II 

111 

II 

II 

II 

Z  O 

II 
II 

t- 

_i 

3 

II 
II 

II 
II 

II 
II 

UJ  111 

II 

l/> 

I  Q 

II 

II 

II 

O  1- 

II 

t-  K  O  UJ 

II 

II 

II 

<  < 

II 

O 

lO  1- 

r 

II 

II 

II 

a.  o 

II 

<  O  UJ  (J 

II 

II 

II 

II 

a  (J  3 

I/) 

II 

II 

II 

II 

s 

II 

II 

II 

II 

¥^ 

II 

II 

II 

II 
II 
II 

II 
II 
II 

II 
"^  II 

II 
^  II 

II 

II 

II 

o 

II 

II 

II 

II 

a 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

H 

II 

(O 

(0 

II 

(O 

II 

(0 

(0 

II 

< 

cc 

II 

CO 

cs 

II 

a 

II 

CD 

CO 

11 

Q  O 

II 

"x 

z 

"V 

z 

II 

v^ 

s 

II 

■^ 

z 

^s 

II 

{/) 

II 

OJ 

< 

CO 

< 

II 

(0  < 

II 

<o 

< 

CO  < 

II 

111 

z 

II 

o 

1 

o 

1 

II 

o 

1 

II 

o 

1 

O    1 

H 

D  O 

II 

>^ 

o 

-V  CJ 

II 

~>> 

o 

II 

^* 

(J 

■>.  o 

II 

o  a 

II 

O  (/I 

00 

\A 

II 

(0  1/1 

II 

Ul  10 

in  (/) 

II 
II 
II 

1/1 

II 
II 
II 

o 

-> 

O  -1 

II 
^  II 

o  -> 

II 
^  II 

o 

-) 

O  -1 

II 

II 

II 

II 

II 

II 

o 

II 

II 

II 

l/l 

»-• 

II 

Z  O  1/1 

1- 

H 

II 

II 

UJ 

K 

*^ 

II 

»-* 

1- 

z 

o  cr 

-1 

II 

II 

II 

z 

-1 

II 

1- 

1— t 

z  o  <  z 

• 

II 

II 

II 

*-l 

3  -I 

II 

< 

1/1 

< 

< 

a 

»-« 

Ul 

^^ 

II 

11 

II 

-J 

1/1 

UJ 

z 

II 

Q  UJ  1- 

UJ 

(-1 

►- 

o 

M 

M 

II 

(T 

UJ 

UJ  >  O 

II 

a 

00 

z 

* 

cr 

UJ 

1/1 

cr 

(/I 

II 

II 

II 

UJ  X 

1/1 

a 

Ul 

»^ 

II 

3  1/1  o  UJ 

a 

> 

< 

z 

II 

II 

II 

1- 

1- 

z 

_l 

1/) 

II 

UJ  O  1- 

1/1  01  o 

o 

II 

II 

II 

z 

UJ 

K 

UJ 

II 

Q  U 

< 

s.^ 

CD 

»-l 

II 

II 

II 

UJ  Z  t- 

cr 

_l  Q 

II 

zona 

< 

UJ 

I/) 

t- 

II 

II 

II 

u 

1-4 

»-t 

o  < 

f-^ 

II 

< 

sr 

t-( 

3 

t- 

X  CO  3 

u 

II 

II 

II 

a 

»-* 

Z  Q 

II 

a 

CJ 

<  1- 

U  UJ 

D 

< 

II 

o 

II 

II 

UJ  UJ 

-1 

UJ  u 

UJ 

(T 

II 

m 

^v 

K  <_)  Q 

a. 

H-l 

II 

UJ 

II 

II 

H 

3 

*-« 

(T 

UJ 

1- 

< 

II 

Q  1/1  < 

< 

o  a 

> 

t- 

o 

II 

z 

cr 

II 

II 

< 

t/) 

<J 

a  1/1  o 

II 

o  UJ  I 

Q  1- 

UJ 

u 

II 

o 

i-H 

II 

II 

■D  1/1 

1/1 

> 

CD 

II 

1/1 

a. 

1- 

> 

UJ 

*~t 

QC 

< 

(/) 

II 

¥-t 

3 

II 

II 

_l 

1-^ 

-I 

• 

iA 

II 

3 

K 

K 

00 

(-^ 

o 

II 

H 

O 

II 

II 

< 

-J 

3  UJ 

s^ 

2 

II 

3  a  UJ 

Z 

< 

1- 

z 

(- 

-1 

II 

<-) 

UJ 

II 

II 

> 

I 

< 

•-I 

I 

UJ 

II 

UJ 

UJ 

o: 

UJ 

Q 

_i 

-I  o 

u 

II 

< 

a. 

II 

II 

UJ 

o 

a: 

UJ 

1- 

OD 

1-^ 

II 

i—i 

(J 

3 

cr 

H^ 

3 

UJ 

»^ 

00 

II 

II 

II 

1 

1- 

Ul 

> 

u 

> 

II 

>  o 

1/1 

cr 

_l 

1/1 

>  1/1 

a 

II 

II 

II 

UJ 

< 

>  UJ  o  a 

UJ 

II 

UJ 

cr 

Z 

3 

< 

Ul 

UJ 

UJ 

111 

N 

II 
II 
II 

II 
II 
II 

II 
^  II 

cr 

_l 

o 

cr 

1- 

a 

cr 

II 
_  II 

cr 

a. 

UJ 

O 

> 

cr 

-J 

Q 

1^ 

II 

II 

q: 

II 

II 

II 

II 

a  O 

II 

II 

II 

II 

o 

II 

II 

II 

II 

Q 

111 

t- 

II 
II 

z 

II 
II 

II 
II 

II 
II 

t/i 

< 

II 

O  1- 

II 

s 

< 

s 

< 

II 

< 

< 

II 

< 

< 

<      < 

u 

II 

t-l 

z 

II 

CJ 

o 

II 

> 

II 

> 

UJ 

z 

II 

1- 

UJ 

II 

1 

1 

II 

1 

II 

1 

1 

D 

II 
II 
II 
II 
II 

< 

a 

II 
II 
II 
II 
II 

(J 
1/1 

1 

u 
1/1 

CO 
(M 

II 
II 
II 

o 
1/1 

-> 

1 

II 
II 
II 
-  II 
II 

1/1 

-1 

1 

CM 

O  CM 
CO    1 

II 

II 

II 

II 

Q 

o 

II 

II 

II 

II 

< 

II 

UJ 

II 

II 

II 

O  1/1 

II 

2C 

II 

II 

II 

-1 

UJ 

II 

< 

II 

II 

II 

> 

X 

II 

at 

II 

z 

II 

II 

< 

o 

II 

ffl 

II 

o 

II 

II 

a 

1- 

II 

II 

*-* 

II 

II 

< 

II 

a 

II 

1- 

II 

II 

r 

-1 

II 

UJ 

II 

a 

II 

II 

1- 

"■ 

II 

Q 

II 

•^ 

II 

II 

•-• 

tx 

II 

z 

UJ 

II 

K 

II 

II 

s 

o 

II 

< 

cr 

II 

•-« 

U 

II 

II 

o 

II 

s 

3 

II 

ac 

1/1 

II 

II 

> 

o 

II 

z 

1/1 

II 

a 

UJ 

II 

II 

a: 

II 

o 

1/1 

M 

1/1 

Q 

M 

II 

1- 

> 

II 

u 

UJ 

II 

II 

II 

z 

< 

K 

II 

z 

cr 

II 
II 
II 

II 
II 
II 

II 
^   II 

UJ 

<D 

3 

II 

_  II 

o 

a 

00 

1-  lO 

1- 

II 

II 

1 

II 

<  1/1 

O 

II 

II 

II 

O 

II 
II 
II 

u  -. 

< 

II 
II 
II 

II 
■^   II 

II 
_  II 

II 

II 

rx 

II 
II 
II 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

II 

II 

K 

It 

II 

2 

II 

II 

(X 

UJ 

II 

II 

CM 

II 
II 

n 

II 
II 

V 

K 

II 

z 

10 

II 

n 

II 

d 

II 

CO 

X 

II 

s 

II 

o 

II 

o 

II 

a 

o 

II 

u 

3 

II 

o 

II 

o 

II 

o 

a 

II 

a. 

z 

II 

(0 

II 

10 

II 

(0 

UJ 

II 

II 

II 

II 

a: 

__ 

,^_ 

„^^_^ 

^_, 

^^ 

.^_. 

^^-^— — 

-^._— ^ 

^.^_ 

_^ 



^_ 



___ 

„__ 

^ 

^.^_ 

_^, 

_^. 

___ 

^_ 

.^_ 

.^_, 

.^_. 

, 

563 


n 

CD 

M 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 

O 

CD 

II 

UJ 

II 

II 

z 

O 

11 
II 

_l 

II 
II 

II 

UJ 

UJ 

II 

LO 

Z  Q 

II 

II 

o 

t- 

II 

t-    1-    O   UJ 

II 

II 

< 

< 

II 

O  1/1  -•  I 

II 

II 

a 

Q 

II 
II 

4  O  UJ  U 

a  o  5  i/i 

II 
II 

II 
II 

II 

s 

II 

II 

II 

^-* 

II 

II 

II 
II 
II 

II 
>  II 

II 

II 

II 

II 

a 

II 

II 

II 

cr 

II 

II 

II 

UJ  o 

II 

II 

II 

1- 

II 

U> 

II   iO 

(0 

II 

<  a 

II 

(S 

II   o 

CO 

II 

Q  O 

II 

*v 

Z 

II  ^  s 

^ 

II 

I/) 

II 

(0 

< 

II  —  < 

CO 

II 

UJ  Z 

II 

o 

1 

II    O    1 

o 

II 

3  o 

II 

^ 

U 

II  ^  o 

■>. 

II 

Q  a. 

II 

in 

I/) 

II  in  1/1 

in 

II 
II 

i/i 

II 

o 

—> 

II   o  -) 

o 

II 

II 

II 

II 

II 

II    1        1 

U.           1 

U.                     Q 

II 

II 

II    Z         QC                             00  i-i 

O    1    1- 

O  >  t-         UJ 

II 

II 

II  >-.      UJ  UJ          ir  1-  — 

cr  UJ 

Q  00         Q  1-  _l 

II 

II 

II       tr  K  _j          o  -I 

on  3  Q 

uj=)Ou.za:<Z     • 

II 

II 

II100UJ30K        3-1 

t-  on 

SKOOUJO'-UJ'^ 

II 

II 

II    >U.QQZ<'-il/1UJ 

z 

-1        O 

M  00          s  a  u  1-  Q 

II 

II 

II    <                UJ  «         •-•  UJ  > 

o 

n  >  z 

t-       ujoozujujoocr 

l>0 

II 

II 

iiiQQIQio      auj 

</i  <  < 

-ia>-ocrCL>< 

z 

II 

II 

IIZUJZU>-iO_|        _| 

1/1 

UJ  3 

Q_IDUU        ooooo 

o 

II 

II 

II    3U1<(/)>>-.UJI- 

UJ 

cr  z  z 

UJ  <  _i  <  UJ          ^  m 

<— « 

II 

II 

iiir3          o<>(r_i 

Q     • 

-^  u  o 

h-      (J  a  cr    •  UJ 

U1 

1- 

II 

II 

II           1/1  Q  a      UJ  o  < 

r^ 

1/1  cr  I-. 

<u.ZS        001013 

u 

II 

II 

II  _iiij(-zao-ia.i-i 

z  o 

3      t- 

SO'-i'-iOZI-OUJ 

3 

< 

II 

o 

II 

n  -1  ID  a  <       z       uJu 

UJ  cr 

K   U  < 

•-              z  o      cr  •-• 

II 

UJ 

II 

II  <      o      u."-u.q:uj 

1-  < 

<   00  3 

KZ      uji-i  —  oa> 

K  Q 

II 

Z  (T 

II 

II       omi-OQuj      a. 

01  o 

K   i   _l 

00  o    •  _i  1-  I-  1-      UJ 

UJ 

II 

o  >-> 

II 

ii>i-<oo      za    •(/) 

>  m 

00       < 

uj~>3z<      —cr 

< 

LO 

II 

—  D 

II 

II    U.                O  1/1  <  ^-'  — ' 

01 

1-  > 

1-   1-   Q  UJ  U  OO  -1 

o 

II 

1-  a 

II 

ll«-iQI-OI-_l        (OUJ 

-'  S 

K    Z  ILl 

ujuji-ujs«i-       z 

t- 

_1 

II 

U  UJ 

II 

II    K  UJ  (_)         U             •  O)  I 

UJ 

a  UJ 

Z_l>Xi±Ju._i_iO 

o 

II 

<  a. 

II 

II    ZQ<UJ<_IX^I- 

(D  « 

O  IT  UJ 

•-.anu-i'— 3uj>-i 

(/5 

II 

II 

II  uJzi-zQ._ior) 

u  > 

a  cr  u 

S5t-ooaQoO>00 

o 

II 

II 

II  QuJZ"S3<rr)o 

cr  UJ 

UJ  D  < 

crou       soujujuj 

UJ 

II 
II  - 

II 
II  ■ 

II  «(-  —  S  —  U-uji/ii- 

Q.  a 

cr  u  u. 

uju<aa«scr-iQ 

»-• 

a: 

II 
II 

II 
II 

II 
II 

cr 

o 
(J 

II 
II 

II 

II 

II 
II 

O 

UJ 

II 
II 

z 

II 
II 

II 
II 

to 

< 

II 

O  H 

II 

< 

< 

II  <          < 

< 

< 

u 

II 

—  z 

II 

Q 

II  1- 

> 

z 

II 

H  UJ 

II 

1 

II    1    — 

rj 

II 
II 
II 
II   - 

O  Q 
<  •- 

II 
II 
II 
II  - 

1/1 

-J 

m 

1 

II    O     1 
II  1/1  o 
II  -)  — 

O     1 
00   — 

II 

II 

II 

II 

II 

II  l-l  1-1 

II 

II 

II  1-  _1 

II 

II 

II  <  « 

II 

II 

II  q:  CO 

II 

II 

II    UJ   < 

II 

z 

II 

II  -1  a 

II 

o 

II 

II    UJ   < 

II 

*^ 

II 

II  c_i  u 

II 

1- 

II 

II    UJ 

II 

a. 

II 

II  o  s 

II 

t-i 

II 

II    -^   UJ 

II 

(T 

II 

II   O  1- 

II 

■-1  u 

II 

II    Z  01 

II 

IT  l/l 

II 

II   "  > 

II 

O  UJ 

II 

II    Q  l/l 

II 

■y)  a 

II 

II    Z 

II 

II 

II    <  Z  > 

II 
II   - 

II 
II ' 

M     _l    O   K 

00 

II 
II 

< 

1/1 1- 

II 
II 

II 
II 

Q 

II 
II   — 

u 

-•  < 

II 

II . 

II 

II 

II 

II 

(N 

II 
II 
II 

II 
II 
II 

II 
II 
II 

O 

II 

II 

II 

Z 

II 
II 

IX 
UJ 

II 
II  • 

<T 

II 

II  in 

h- 

II 

z  m 

II  ( 

n 

II  n 

cr 

II 

-  s 

II  ( 

3 

11   o 

o 

II 

o  o 

II  ( 

3 

M     O 

a 

II 

a.  z 

II    U3 

II    (0 

uJ 

a: 

1 





II 

" 

564 


r»4  to 



__ 



.  — — — . 

_____^^__ 

.^— ^_^_. 

^  ________ 

n  CO 

II 

II 

»>. 

II 

II 

•- 

II 

II 

^ 

II 

II 

■   N^ 

II 

II 

O  00 

II 

UJ 

II 

z  o 

II 

M 

-I 

II 

II 

UJ  lU 

II 

ly) 

r  Q 

II 

Ot- 

II 

1-  t-  O  UJ 

II 

<  < 

II 

o 

i/» «  r 

II 

a  a 

II 
II 

<  O  UJ  o 

a  u  a  1/1 

II 
II 

II 

s 

II 

II 

■— « 

II 

II 
II 

II 
II 

II 

II 

II 

o 

II 

II 

a 

II 

II 

UJ  O 

II 

II 

1- 

II 

(C 

(O 

(O 

(0 

(0 

II 

<  a 

II 

(S 

<n 

00 

o 

IS 

II 

Q  O 

II 

^v 

■v 

^ 

V. 

>» 

II 

1/1 

II 

(S 

IB 

CO 

a 

(S 

II 

UJ  z 

II 

o 

O 

o 

o 

o 

II 

3  O 

II 

^ 

'X 

^ 

>^ 

^ 

II 

Q  Q. 

II 

in 

in 

in 

in 

in 

II 
II 

LO 

II 
II 

o 

o 

o 

o 

o 

II 

II 

II 

II 

* 

CO 

II 

II 

o 

1-  •-■ 

II 

II 

z 

_l  ►-■ 

II 

II 

u.  — 

3 

II 

II 

O  >  </l 

00    _1 

II 

II 

O  UJ 

UJ  UJ   Z 

It 

II 

Z  (T  C£ 

a  >  O 

(/) 

II 

II 

O  O.  >-■ 

1/1 

UJ  ►- 

z 

II 

II 

•-  S  1- 

1- 

1-    _l   OO 

o 

II 

II 

1/1  >-■ 

u  a      UJ 

•^ 

II 

II 

I/)        u. 

<  O  -1  Q     • 

t/i 

K 

II 

II 

3  ir  o  a 

a.  <      ^ 

U 

II 

II 

o  o 

S  UJ  «  2  Q 

D 

< 

II 
II 

a 

UJ 

II 
II 

to  u.  > 

CE  u  UJ  a 

UJ  1-  < 

h- 

Q 

II 

z  a 

II 

Q  _J  ►-. 

o 

•  a  00  o 

UJ 

II 

O  " 

II 

<  -1 

z 

Q  00  >  CD 

< 

00 

II 

•-  3 

II 

UJ  i-i  »-^ 

■— t 

UJ          00 

O 

n 

1-  O 

II 

Q  1-  CD 

Q 

>  UJ  w  3 

t- 

_l 

II 

U  UJ 

II 

->  Z  < 

3 

_i  r     UJ 

(J 

II 

<  a 

II 

>  UJ  cr 

_l 

O  1-  CD  — 

l/l 

o 

ID 

II 
II 
II 
II  ■ 

II 
II 
II 
II 
II 

O  1-  < 

a  o  UJ 
a.  a.  3 

u 

z 

>      u  > 

Z  O  CC  UJ 

-■  1-  a  ct 

»-t 

II 

ac 

II 

II 

Ct 

o 

II 
II 

II 

II 

O 

UJ 

(- 

M 
II 

z 

II 
II 

to 

< 

II 

O  K 

II 

UJ        < 

UJ        < 

< 

< 

< 

UJ        < 

u 

II 

—  Z 

II 

< 

00 

> 

< 

z 

It 

►-  UJ 

II 

1     (N 

1   n 

u  ^ 

1   *- 

1     CM 

z> 

II 

U  Q 

II 

U     1 

U     1 

cr   1 

U    1 

O     1 

II 

<  >-" 

II 

on  — 

to  — 

<  '- 

1/1  (N 

00  CM 

II 
II    ■ 

11 
II . 

-5  — 

:C  — 

_i  '- 

-)   — 

T   — 

II 

II 

11 

M 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Z 

II 

II 

o 

II 

II 

t~« 

II 

II 

1- 

II 

II 

a 

II 

* 

II 

t~« 

II 

II 

a. 

II 

II 

<->  (_> 

II 

II 

CC  l/l 

II 

II 

a  UJ 

II 

II 

00  Q 

11 

II 

H 

O 

•- 

M 

o 

z 

H 

CE 

O 

Q. 

1- 

00 

1- 

< 

00 

u 

O 

:i 

< 

(T 

UJ 

in 

z  m 

<r> 

-  s 

O 

U  2 

O 

Q.  Z 

;r) 

565 


en 

to 

CD 

II 
II 

H 
II 

II 

II 
II 
II 
II 
II 

o 

CO 

II 

UJ 

II 

z 

o 

II 
II 

1- 

-I 

II 
II 

OJ 

LU 

11 

01 

r  Q 

II 

o 

^— 

II 

1- 

1-  O  UJ 

II 

< 

< 

w 

u 

i/i 

1— 1 

r 

II 

a. 

Q 

II 

< 

o 

UJ 

u 

II 

II 

a. 

u 

S  i/l 

II 

II 

£ 

II 

II 

1— • 

II 

II 
II 
II 

II 
H 
II 

II 

o 

II 

II 

a. 

II 

II 

UJ 

o 

II 

II 

K 

II 

(O 

(0 

II 

< 

a 

II 

(S 

00 

II 

Q  O 

II 

^v 

"Nfc 

II 

uo 

II 

oo 

CO 

k 

11 

UJ  Z 

II 

o 

o 

II 

Z3  O 

II 

^ 

>>. 

II 

o  a 

II 

in 

in 

II 
II 
II 

CO 

II 
II 
II 

o 

o 

II 

II 

1 

1 

1 

00 

1         >  1-             1- 

II 

II 

UJ 

00 

< 

K 

i-i 

1        1    1 

<   1   u.  UJ           q: 

II 

II 

(T  UJ  O  H 

-1 

*-• 

O  5  Z  Z 

K  x:  HI  o          o  -J 

II 

II 

K 

z 

Z 

1- 

3 

a  o  ►-  o 

z  UJ  1-              a  <  5    ■ 

II 

II 

a 

a 

»~( 

UJ 

u 

OO 

-1 

a  a  1-  1 

Ul          ZOO(JUJ>-iUJ^ 

II 

II 

o 

O  2  UJ 

_j 

UJ 

UJ 

z 

S  U.  Z  -1 

Si-uji-z-jq:ui-q 

II 

II 

u. 

UJ 

Z> 

D  a  00  < 

K 

>  O 

-.        O  -1 

UJ3Q      H-iz       ujooa 

LTi 

II 

II 

er 

-1 

(T 

t~t 

>  tr 

UJ 

1-^ 

o  u  o 

•  -icKi-QQ           a>< 

Z 

II 

II 

_J 

•-I 

CJ 

K 

Q 

3  1- 

_l 

00 

-I  z      tr 

t/ldl-        UJ<5     •i/lLOO 

O 

II 

II 

< 

H 

z 

00 

tr 

1- 

a 

UJ 

<  >->  at 

uisoo    .(roirz      ^aj 

i-i 

II 

II 

l/l 

Z 

o  U  O  -1  Q 

< 

-•  t-  <  a 

nl-l           O'-'-IOOUJ 

I/)  H 

II 

II 

O  U. 

l-H 

X 

00 

3  a 

< 

/■^ 

1-  -I  UJ  z 

H        -J003Zu.«XCDa 

o 

II 

II 

a  o  a 

u 

z  a 

UJ 

Z  O 

Z  3  o  < 

►->UJ_I0'3        ooh-uuj 

3 

< 

II 

Q 

II 

o 

O  Q 

< 

UJ 

K 

(X  u 

UJ 

(T 

Ul  00 

_i_iuj<uj       uJZ       a:>-i 

II 

UJ 

II 

a 

Z 

1- 

UJ  O  00 

(/l 

UJ 

I- 

< 

1-  UJ  O  Q 

>-(ni      (r_iuuJoa> 

1- 

Q 

II 

2 

(Z 

II 

a 

O 

»-i 

O  (T 

a. 

00 

O 

o  er  z  -1 

(D<3              <ZI-K        UJ 

UJ 

II 

O 

II 

Z 

z  a 

UJ 

1- 

• 

00 

> 

m 

a.      •-■  :£ 

<zuj    ■ooz<x       >-iq: 

< 

i/> 

II 

»-» 

r) 

II 

a. 

1- 

o 

UJ 

a 

(T 

O 

/-^ 

00 

00  O  00 

aooozuiosujooi-H 

O 

II 

1- 

o 

II 

o 

< 

s  s 

< 

3  UJ 

ce 

UJ 

>-^ 

3 

00  1-  z 

<ooooQ:i-ia:      t-      z 

K 

_1 

II 

u 

UJ 

II 

-I 

t-t 

s 

00 

cc  o  I 

UJ 

00  z  <  > 

OUJZ-'3l-OI-_)_IO 

u 

II 

< 

a 

II 

UJ 

t- 

UJ  O 

z 

00 

*-« 

oo 

1- 

m 

1— t 

UJ  UJ   -1  (_> 

a        oooO~u.33UJ>-> 

W1 

II 

II 

> 

t-* 

l£ 

(_)  O  UJ  Q 

z 

u 

> 

00  2        Z 

S       uJz<QQ:aoo>oo 

a 

II 

II 

UJ 

z 

D 

UJ 

1-^ 

a: 

z 

UJ  O  (£ 

UJ 

LO    UJ       ■    Ul 

-H       '.JUJUJOUJI-UJUJUJ 

UJ 
N 

II 

II  ' 
II 

II 
II 
II 

Q 

^ 

00 

tr 

1- 

a. 

•-« 

OO 

1- 

a 

q: 

<  >  <  o 

cL!S(nt-s<aoo(r_jQ 

^^ 

q: 

II 

II 

, 

a 

o 
o 

II 
II 

II 
II 

O  UJ 

II 

II 

t- 

II 

z 

II 

1/1 

< 
u 

z 

II 
II 

M 

o 

1- 

z 

UJ 

II 
II 
II 

< 
> 
1 

< 

<           < 

> 

3 

II 

O  Q 

II 

U 

1 

U    1 

II 

< 

*-l 

II 

to 

n 

oo  * 

It 

II  ' 
II 

— 

— 

— 

II 
II 
II 

-) 

•~ 

-)  — 

II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

11 

Z 

II 

II 

o 

II 

II 

l-l 

II 

II 

t- 

II 

II 

a 

II 

II 

t^ 

II 

II 

tr 

II 

II 

•— » 

u 

II 

II 

ct 

i/i 

II 

II 

O  UJ 

II 

il 

l/l 

Q 

II 

II 

II 

II 
II 

II 
II 
II 

CO 

II 

1— 

01 

1- 

t 

II 

< 

1/1 

u 

II 

o 

II 
II 

o 

►-I 

< 

II 
II 
II 

II 

(N 

II 

II 
II 

II 
II 

II 

o 

II 

II 

2 

II 
II 

UJ 

II 
II 

in 

H 

II 

z 

n 

II 

n 

cr 

II 

t— < 

2 

II 

a 

O 

M 

u 

3 

II 

o 

a 

II 

Q. 

Z 

II 

IC 

UJ 

II 

II 

566 


<T   CO 

on  03 


O  CO 

z  o 

UJ   UJ 

O  1- 

<  < 

Q.  Q 


II 
II 
II 
II 
II 
M 
II 
II 
II    l/l 


I/) 

z 
o 

on  I- 

O 

3  < 

I-  Q 
UJ 

<  1/1 
O 


Q 
UJ 
N 

tr  O 
(J 

O  111 

I- 
i/i  < 

u 

z 

3 


o 

z 


a: 
O 

a 


UJ 


X  Q 

O  UJ 

II    u  1/1  ii  I 

O  UJ  U 

O  5  l/» 


II   I-  H 


O 

(T 

UJ  O 

I- 

<  a. 
Q  o 

UJ  z 
3  O 

o  a 
(/I 


Z  (T 

o  -> 

-•  3 

I-  o 

U  UJ 

<  IX 


z 

O  I- 

—  z 

K  UJ 

U  Q 

<  "-• 


II 
II 
n 

H 
41 
H 

II 
II 

II 

II 

II 

II 

II 

II 

tl 

II 

II  — 

II 

II 

II 

II 

II  ;o 

II   CO 

II  ^ 

II   00 
II  o 

II     >v 

II  ir> 

II  o 

II  — 

II 

11 

II 

II 

II 

II 

II 

II 

II    UJ 

II  I- 
II  < 

M    "-i 

II 
II 
II 
II 
II 
II 
II 
II 

II    UJ 

II  3 

II  to 

II  (/I 

II  •-> 

II  — 

M 

II 

II 

II  ' 

II 

II 

II 

II 

II 

II 


I 

in 
o  - 
z  <^ 

-I  > 

a:  Q  I  < 
3  a  u  > 

O  <  I/)  I 
>  o  -)<J 

UJ         I/) 

O  a.  lA  -) 

K  S 

a  UJ  a 

z  o  I-  z 

o  H  -•  < 

1-1  o 

I-  <  z  -^ 
u  a  o  — 

UJ  H-  "-H    I 

q:  z  I-  tN 
1-1  o  o  — 
Q  o  <  -^ 


(0 

(0 

(0 

(S 

CO 

CO 

^s 

>» 

>. 

a  < 

r- 

^ 

O    1 

*— 

o 

>.u 

"». 

>. 

in  M 

T 

in 

o  -J 

O 

o 

UJ 

1-                2£ 

(/I         u.  < 

q: 

Z        1-  _l 

O  UJ  O  OC       UJ  ffi  3 

Ul 

00 

3      a  <  s    • 

O  t-         CO      •  r  <J  UJ 

»-* 

Z    S           O   •-    UJ  -^ 

^  <  z      2  1-  a  •- 

at 

o 

3  u.  a  O  1-  Q 

UJ  1-1  o  z  <      a  > 

cr 

l-l 

z  UJ  UJ  UJ  I/I  a: 

_i  o  -I  o  tr  o      UJ 

< 

1- 

►-  cr  (T  a  >  < 

DujK(nOK"-Q: 

OD 

< 

S  w       CO  oo  o 

Q  S  <  a:  O      >- 

o 

v^m 

UJ  s  1-  <  IT  (-n      z 

> 

^-4 

Z  UJ      ■  UJ 

r'-iz<jai-_io 

< 

U. 

-.  o^r  (D  a 

U        UJ              _l  UJ  >-• 

* 

*-t 

<  l«-  t-  U  UJ 

t/>Q:si-i-D>oo 

z 

o 

H  S  CV4      a  -1 

O  UJ  Z   Z  00  UJ  UJ 

3 

UJ 

_l  <  (N  o  Q.  > 

UJU.-IUJUJUJ-IO 

cc 

a 

3  Q  CO  K          UJ 

z      Q.  (X  S  a 

00 

oo      CO      •-•  q: 

«  00  s  a  a      -IS 

• 

a 

UJ  a  oo  1/1  i-i 

SI-«-<DOI-<UJ 

/-s 

o 

z 

a  UJ      ►-       z 

a  U         (J   -1  CE  >-  H 

o 

-1  o 

K  Q  _l  _l  J 

UJ  <   -1         UJ  O  U  00 

a: 

111 

*-l 

t-  -<  00  D  UJ  "H 

i-a_iuj>auj> 

< 

> 

00 

<   CD  O  1/1   >   1/1 

uJZOXuJUjaoo 

o 

UJ 

UJ 

X  a:  q:  UJ  UJ  UJ 

Q^HU.i-QaoOw 

m 

O 

a 

1-  o  a  a  -J  Q 

—  u 
a:  01 

Q  UJ 
(/)  Q 


K  00  I- 
<  00  u 
u  —  < 


.  UJ 

Z  ID 

-  S 

U  Zi 

a.  z 


< 
> 

I 
u 

II    00  I 

II  ~> 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

It 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II    IT) 


<       < 

< 

> 

> 

1    N 

1 

U    1 

o  — 

(/»  »»■ 

1/1  1 

-)  — 

-)  CM 

u  — 

1/1  I 

n  CD 


567 


to  (O 

n  03 


o  <o 
z  o 

UJ  Ol 

<  < 
a.  a 


II 
II 
II 
II 
II 
II 
II 

II    10 


1/1 

z 
o 
►— < 

o 
3  < 


<  1/) 

o 
t-  _l 
u 
to 
Q 
liJ 
M 

ce 

a  o 

O 

Q  lU 

I- 

00  < 

u 

z 
3 


CM 

o 


o 

z 


i2 

c 

a. 


UJ 

_l 

t-  3 
I  O 
I-  O  UJ 
II  U  to  i-i  I 
II   <  O  UJ  U 

II  a  u  X  i/i 


II  I-  I 


o 

IT 
UJ  O 
H 

<  (T 
O  O 

00 
UJ  Z 
D  O 

o  a 

01 


Z  (Z 

O  -I 
-•  3 
t-  O 
U  UJ 

<  cc 


z 

o  t- 
>-  z 

I-   UJ 

U  Q 
<  i-i 


CO 


1/1 

o 


CO 


in 

o 


IT) 

o 


CO 


o 


00 


IT) 

o 


UJ  1/1 

•-  z 

q:  o 
a  •-• 

<  t- 
m  < 

o 

>  •-• 

<  U. 

i  •- 
z  u 

=)  UJ 

a  a 
(/I 
a 

o  z 
-I  O 
UJ  •-• 

>  01 

UJ  UJ 

a  o 


z 

3 
Z 
•1  u. 

z  UJ 
•-•  q: 

2>- 

Z  UJ 

< 
I-  z 
-J  < 
z>  a 
1/1 

UJ  (£ 
(X  UJ 


<   CO 

X  a 
I-  o 


a:  <  z  • 

0  •-•  UJ  '-' 

a  o  I-  Q 

UJ  UJ  01  a: 

a:  a  >  < 

01  01  o 

■  UJ 

--I  CD  X 

r>-  (-  CJ  UJ 

csi  (r  i-i 

(N  o  a  > 

(^  I-  UJ 

01  «  a 

CO    (/)  l-H 

I-  z 

Q  _i  -I  a 

(s  n  UJ  >-• 

O  01  >  I/) 

cr  UJ  UJ  UJ 

a  a:  -I  D 


u  — 
1/1  I 


<      <t 

t 

< 

< 

< 

<          < 

1 

a 
1 

UJ 

1 

> 

U 

U  CM 

u  r) 

o  <r 

u  in 

QC  (O 

(/I     1 

01     1 

1/1  1 

C/1     1 

<     1 

-1  'T 

-)  1- 

->  '3- 

-1   "3- 

-I   ^ 

—  II 
II 
II 
II 

II 
II 
II 
Z  II 
O  II 
•-•  II 
t-  II 
a  II 
>-■  II 
cr  II 

U    II 

i/i  II 

UJ    It 
Q    II 


t-    01   I- 

<   01  u 

O  I-  < 


a. 

UJ 

z  03 

-  s 

a  z 


568 


(O  to 

O  CD 


o  tn 

z  o 

UJ  UJ 

C3  I- 

<  < 

a.  a 


II 
II 
II 
It 
II 
II 
II 
II 
II 
II 
II 
II 
It 
ti 
II 
II 
II 
It 
II 
ti 
II 
It 
II 
II 
II 
II 
II 
II 
It 
II 
II 
II 
II 
II 

H 
II 
II 

II 
(/)   II 


(/) 


Z 

o 


3  < 


at  II 
<  (/)  It 


o 
I-  _J 

(_) 
l/l 

a 


CO 


o 


r-4 


o 

z 


o 
a. 


X  Q 
O  UJ 
(J  (/)>-.  I 
<  O  UJ  u 

a  u  3  I/) 

s 


UJ  It 

M  II 

►-•  M  II 

a  It 

a:  o  It 

■    O  II 

a  UJ  II 

t-  II 

c/l   <  II 


O 

ir 

UJ  o 

H 

<  ir 

Q  o 

1/1 

UJ   Z 

3  o 
a  a. 


a 

UJ 

z  a 

o  •-■ 
•-  3 

K  O 
U  UJ 

<  a 


z 

O  I- 

•-  z 

I-  UJ 

U  G 

<  •- 


>-•  (_) 

q:  1/5 

o  ui 

l/l  Q 


I-  1/1  I- 

<  t/1  u 
U  i-i  < 


UJ 
2  03 

-  s 

a  z 


I 

< 
I- 

z 

> 

(T  < 

o  » 
u.  z 

z  o: 

< 

-I  u. 
Q.  O 

a  z 
o  o 


>  < 

UJ   -I 
Q  _J 


> 
Q  <  10 
UJ  3  Z 
I-  Z  O 
(J  3  1-1 
UJ  (X  I- 
-I  < 
UJ  O  U 
</»  Z  O 

•-I  -I 

>-  a 

<  3  z 
-I  o 

^  U  i-i 
1/1  z  I- 

(T  -I 
UJ  •  -I 
•-■  l/l  < 

q:  UJ  H 
er  K  1/1 

<  ►-  z 

CQ  l/l  HI 


I 
•  t- 

^^ 

r«-  O 

CM  K 
CM 
CO  l/l 

n  I- 
1/)  _i 

3 
Q  10 
IQ  UJ 

u  a 

(X. 

a.  K 
ce 
u.  o 
UJ  a 
ac  UJ 


01  3 

U  UJ 

ce  1-1 

0.  > 


z 
-I  o 

UJ  1-1 

>  I/) 

UJ  UJ 

-i  a 
-1  s    • 

<  UJ  --^ 
i-i  K  Q 
O  01  (T 
UJ  >  < 
Q.  00  O 
l/l  ^  CD 


(O 

(O 

o 

(S 

>v 

>. 

*— 

CO 

o 

o 

>v 

">. 

lO 

in 

o 

o 

o 

UJ 

z  z 

1- 

-300 

< 

Q  O  K 

UJ 

m  3 

►-< 

3  Q  U     - 

I 

(_)  UJ 

a 

_l        UJ  01 

1- 

tr  11 

0. 

c3  u  a  u.  UJ    ■ 

a  > 

o 

z 

Z  Z  U.  2£  O  O 

UJ 

a: 

I-I 

ii  <  UJ  <  _l 

1- 

M    QC 

a 

z 

£r  z 

M 

a 

o  K  a  o  oQ 

01 

z 

< 

I-I 

3  3  Z        UJ 

1- 

-1  (5 

K 

O        <  Q  X 

_l 

UJ  i-i 

UJ 

i-i 

-1  Z        Z  K 

3 

>  t/1 

H 

1/1 

-1  O     •  < 

1/1 

UJ  UJ 

< 

O  O  >  1/1       o 

UJ 

-1  Q 

O 

a 

a  UJ  z  1/1  z 

(X 

»-i 

_1  O  UJ  — 

-1  2     • 

1- 

z 

o  UJ  —  cc  o 

1- 

<    UJ  — ^ 

1/1 

o 

Z         t-  -  31 

cc 

.-  1-  Q 

UJ 

> 

-   I  «  K   _l 

O  U  01  QC 

>  UJ  a  t-  (/I      u 

a 

UJ  >  < 

z 

_l 

3  O  O  Z  Z 

UJ 

a  01  o 

1-1 

UJ 

Q  (D  Q.  O  — 

a 

t/1  w  03 

0  — 

01  I 

-)  in 


UJ 

< 

< 

01 

> 

u 

CM 

u 

^ 

01 

1 

01 

1 

^ 

in 

-) 

lO 

569 


r>  00 

II 

"~" 

' 

II 

' 

II 
II 

^ 

II 

II 

II 

II 

II 

,_ 

II 

II 

II 

•  ^ 

II 

II 

II 

O  IS 

II 

UJ 

II 

H 
II 

z  o 

II 

_l 

II 

It 

H 

3 

II 

II 

UJ  Ui 

II 

on 

r 

Q 

II 

II 

l3  H 

II 

1- 

t-  C3  UJ 

II 

II 

<  < 

II 

u 

i/l  -■ 

I 

II 

II 

a.  a 

II 

< 

O  UJ  O 

II 

II 

II 

a. 

u  $ 

00 

II 

II 

II 

s 

II 

II 

II 

t-4 

II 

II 

II 

II 
II 
II 

II 
—   II 

II 
II 

II 

II 

O 

II 

II 

H 

cr 

II 

11 

II 

UJ  O 

II 

II 

II 

1- 

II 

<£> 

(O 

II 

II 

< 

a 

II 

m 

OD 

II 

II 

Q  O 

II 

^ 

"s. 

II 

II 

00 

II 

CO 

IS 

II 

II 

UJ 

z 

II 

o 

o 

II 

II 

Z)  o 

II 

>v 

■>. 

II 

II 

O  0. 

II 

in 

in 

II 

II 

II 
II 

00 

II 
II 
II 

o 

o 

II 

-   II 

II 

II 

II 

O 

1- 

1 

1 

II 

II 

II 

1 

Z 

cr 

UJ 

00 

O 

II 

II 

II 

z 

O  -1 

q: 

00 

> 

1- 

II 

II 

II 

t-H 

oc 

a  <  Z 

• 

o  o 

< 

00 

II 

II 

II 

cr 

UJ 

00  UJ 

*-( 

UJ 

^-^ 

u. 

z 

00 

»-» 

II 

1) 

II 

. 

O  UJ 

< 

cr 

u 

K 

O 

• 

r 

u 

1- 

t— t 

z 

II 

II 

II 

-1 

u. 

H 

UJ 

UJ  (/I 

cr 

_i 

• 

00 

1- 

»-« 

_l 

tj 

II 

UI 

II 

II 

< 

00  tr 

. 

a 

> 

< 

< 

00 

u. 

*-i 

_i 

3 

_l 

»-* 

II 

Z 

II 

II 

(/» 

• 

<  O  i/>  oo  o 

00 

1- 

^ 

3 

3 

00 

UJ 

oo 

II 

o 

II 

II 

O  00  _J 

•I 

s^ 

m 

o  u  o 

< 

UJ 

> 

UJ 

II 

II 

II 

a. 

H 

UJ 

-I 

-1 

UJ 

a. 

< 

u. 

O  cr 

cc 

UJ 

Q 

II 

1/1 

1- 

II 

II 

O  U  UJ 

_1 

3 

r  OD 

3 

o  a. 

z 

Q 

_l 

^"^ 

II 

o 

II 

II 

(T 

< 

I 

< 

< 

t- 

U 

UJ 

cr. 

S  O 

►-t 

> 

1- 

S 

o 

II 

Z) 

< 

II 

Q 

II 

a 

a. 

5 

cr 

(Z 

i-t 

a. 

»— • 

z 

cr 

X 

CE 

-1 

UJ 

a 

II 

II 

UJ 

II 

s 

UJ 

z 

Q  O 

Q. 

> 

»— « 

UJ 

O 

< 

1- 

< 

M 

1- 

Q 

II 

z 

a 

II 

< 

00 

^-1 

> 

1- 

UJ 

< 

O  1- 

LU 

1- 

a 

>-• 

00  o 

II 

UJ 

II 

o 

II 

O 

X 

•-H 

cr 

z 

z 

K 

z 

UJ 

u 

> 

CD 

II 

< 

00 

II 

3 

II 

a. 

o 

z 

UJ 

uo 

►-( 

Q. 

1— 1 

UJ 

00 

< 

cr 

UJ 

oo 

II 

O 

II 

1- 

O 

;; 

o 

z 

Q  (- 

K 

z 

O  Q 

z 

Q 

a 

^ 

S 

II 

H 

_l 

II 

o 

UJ 

II 

_i 

1— t 

oo 

< 

a 

_l 

_l 

o 

_l 

3 

UJ 

_i 

Z 

00 

UJ 

II 

u 

II 

< 

a 

II 

UJ 

Q   OL 

cr 

UJ 

3 

UJ 

»-t 

UJ 

_J 

-I 

UJ 

3 

CD 

*~* 

II 

i/) 

II 

II 

> 

D 

^ 

O  i-> 

I/O 

> 

oo 

> 

u 

a 

UJ 

Q 

s 

UJ 

u 

> 

II 

Q 

II 

II 

UJ 

_1 

O 

a. 

X 

UJ 

UJ 

UJ 

UJ 

z 

s 

X 

UJ 

UJ 

X 

C£ 

UJ 

II 

aj 

M 

II 
II 
II 

II 
II 
II 

Q  u  u. 

13 

UJ 

cr 

_l 

Q 

a 

»— 

I-' 

5 

cr 

1- 

1- 

a 

q: 

II 
—   II 

^ 

II 

cr 

II 

II 

II 

Ct 

o 

II 
II 

II 

II 

II 
II 

Q 

LLI 

)- 

II 

II 

z 

II 
II 

II 
II 

00 

< 

II 

O  1- 

II 

< 

< 

< 

< 

II 

U 

II 

z 

II 

> 

> 

II 

z 

II 

1- 

UJ 

II 

1 

1 

II 

3 

II 
II 

< 

O 

II 
II 

u 
I/) 

1 

CJ 

1/1 

^ 

II 
II 

II 
II 
II 

II 
II 
II 

-J 

r^ 

-)  CO 

II 
■—    II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

z 

II 

II 

II 

o 

II 

II 

II 

II 

II 

II 

h- 

M 

II 

II 

a 

II 

II 

II 

t-« 

II 

II 

II 

(X 

H 

II 

II 

t— ) 

u 

II 

II 

II 

a 

(/I 

II 

II 

II 

Q 

UJ 

II 

II 

II 

00  Q 

II 

II 

II 

M 

II 

M 
11 

II 
II 

II 

—   H 

II          1-  l/l  K 

II 

II             <    LO   U 

II 

II          U  —   < 

II 

11 

(Nl 

II 

II 

II 

II 

II 

II 

o 

11 

II 

7 

II 

QC    II 

II 

UJ  II  in 

1— 

II 

z 

CD  II  en 

or 

II 

H^ 

S  11  o 

o 

II 

u 

n  II  o 

a 

It 

a. 

Z    11    ID 

570 


n  00 

II 

~~ 

■^^ 

^^' 

II 

~~" 

^^' 

■~^* 

'~~" 

^"~' 

^^ 

~ 

■ 

~ 

~ 

■ 

' 

II 

■ 

' 

^v 

II 

II 

II 

f~ 

II 

II 

II 

r. 

II 

II 

II 

•  -v 

II 

II 

II 

O  (S 

II 

UJ 

II 

II 

z  o 

II 

II 

1- 

_i 

3 

II 
II 

II 
II 

UJ  OJ 

II 

01 

I  Q 

II 

II 

O  K 

II 

1- 

1- 

C3  Ol 

II 

II 

<  < 

II 

u 

00 

!-• 

X 

II 

II 

a  Q 

II 

< 

O  UJ  (J 

II 

II 

II 

a. 

u 

3 

00 

II 

II 

II 

z 

II 

II 

II 

II 

II 

II 

II  ' 
II 

II 
II 
II 

II 
—  II 

II 

II 

(J 

II 

H 

II 

(T 

II 

II 

II 

UJ  O 

II 

II 

II 

1- 

II 

(0 

CO 

II 

CO 

II 

< 

(T 

II 

o 

CD 

II 

(S 

II 

a  o 

II 

>^ 

z 

>» 

II 

^ 

z 

II 

00 

II 

in  < 

in 

II 

in 

< 

II 

UJ  z 

II 

o 

1 

o 

II 

o 

1 

II 

30 

II 

^ 

u 

^ 

II 

^ 

u 

II 

a  a. 

II 

IT 

00 

in 

II 

in 

LO 

II 

II  ■ 
II 

OO 

II 
II 
II 

O  -) 

o 

II 
—  II 

o 

-> 

II 

II 

II 

u. 

II 

II 

II 

1 

o 

O 

3 

II 

1 

ac 

II 

II 

cr 

_1 

cr 

1- 

3  O 

cr 

11 

< 

3 

II 

II 

O 

UJ  H 

<  z 

UJ 

Z 

O 

_l 

UJ 

II 

N 

O 

II 

II 

O 

K 

1- 

cr 

•■H 

UJ 

^^ 

a. 

00 

o 

-1 

u. 

1- 

II 

•-• 

> 

II 

II 

t- 

u. 

UJ 

Z  00 

<  O  (J  h-  Q 

O  UJ 

l-H 

cr 

u. 

< 

II 

_l 

II 

II 

UJ  X 

l-H 

X 

3  a 

UJ 

00 

cr 

_l 

UJ 

1- 

UJ 

K 

3 

II 

UJ 

z 

on 

II 

II 

1- 

l-H 

1- 

K  3 

UJ 

a 

> 

< 

< 

3  X 

< 

1- 

O  O 

II 

z 

_l 

l-H 

z 

II 

II 

0. 

-1 

l/l  <  o 

UJ 

cr 

00  00  o 

>  cr  1- 

a 

< 

K 

Z 

UJ 

II 

z 

_l 

o 

II 

II 

UJ  UJ  S   -1  0.  _l 

_J 

N_^ 

CD 

1 

< 

3 

Z 

_l 

II 

< 

UJ 

z 

HH 

II 

II 

u  a  O 

-1 

u. 

o 

UJ 

U  Q 

z 

a. 

l-H 

o  o 

II 

X  o  o 

(/) 

l- 

II 

II 

z 

(T  UJ   3 

z 

< 

X  en  3 

00  Z 

l-H 

UJ 

-I 

Q 

z 

• 

II 

o 

l-H 

o 

II 

II 

O  UJ 

u. 

O  O  1- 

l-H 

-1 

1- 

(_)  UJ 

-) 

3 

00 

-1 

l/l 

l-H 

_i 

II 

UJ 

-I 

K 

3 

< 

II 

Q 

II 

u 

I 

-1  O 

oo 

UJ 

cr 

f-l 

o  a 

UJ 

UJ 

X 

00 

UJ 

II 

cr 

UJ 

< 

II 

UJ 

II 

K 

3 

_l 

u. 

Z 

z  o 

a 

> 

o  cr  UJ  cr  o 

Z 

o 

z 

II 

3 

1- 

H 

a 

II 

z  a. 

II 

< 

O  UJ 

< 

< 

1- 

UJ 

1-  O  N 

O 

l-H 

l-H 

< 

< 

II 

t- 

u. 

z 

UJ 

II 

o 

l-H 

II 

UJ 

_l 

3  UJ  O 

Q. 

l-H 

cr 

l-H 

u. 

_l 

_) 

X 

a. 

II 

z 

UJ 

< 

00 

II 

z> 

II 

Q. 

K 

u. 

U. 

-1  Q 

I 

00 

t-t 

UJ 

_i 

_1 

UJ 

3 

I 

II 

UJ 

u. 

S  1- 

o 

II 

K 

a 

II 

o  < 

a 

O  U. 

1- 

z 

a 

< 

l-« 

z 

3 

u. 

CJ 

u. 

II 

Z  O 

3  U 

t- 

_i 

II 

U 

UJ 

II 

-1 

a. 

a 

UJ 

»-• 

X 

3  UJ 

_l 

-J  o 

>-H 

z 

K 

O  U. 

UJ 

00 

3 

UJ 

II 

UJ 

q:  uj 

u 

II 

< 

K 

II 

UJ 

< 

UJ 

UJ  1-  U  O 

*-H 

■D 

UJ 

t-4 

> 

o 

3 

HH 

^-1 

X 

o 

^-« 

II 

_i 

z 

1-  -> 

(/) 

II 

II 

>  a 

1- 

cr 

-I 

)— • 

CC 

_1 

to 

> 

l/l 

o 

l-H 

(/) 

UJ 

-I 

1- 

a 

-1 

II 

a 

O  t/1  O 

Q 

II 

II 

UJ 

UJ 

< 

X 

3 

r 

X  UJ  UJ  UJ  UJ 

cr 

1- 

UJ 

UJ 

I 

UJ 

< 

r 

UJ 

II 

z 

l-H 

Z  CC 

UJ 
M 

II 

II  ' 
II 

II 
II 
II 

Q  tA 

3 

1- 

Z 

3  K  tr  cr 

-1 

o 

a 

< 

ffi 

Q 

1- 

cr 

r 

1- 

cr 

II 
_  II 

•-' 

1- 

—  a 

^_, 

II 

a 

II 

II 

II 

cr  o 

II 

II 

II 

o 

II 

II 

II 

Q 

UJ 

1- 

II 
II 

z 

II 

II 

II 
II 

on 

< 

II 

O  K 

II 

< 

< 

< 

< 

II 

z 

< 

u 

II 

z 

II 

> 

a 

II 

00 

z 

II 

H 

UJ 

II 

1 

1 

11 

1 

o 

II 

<_)  Q 

II 

«J 

•— 

o 

^ 

II 

u 

^ 

II 

< 

1^ 

II 

1/1 

1 

(/) 

1 

II 

00 

1 

II 
II 
II 

II 
II 
II 

-> 

— 

-> 

(N 

II 
—  II 

iC 

CM 

II 

II 

II 

o  a 

II 

UJ 

l-H 

II 

II 

s  o 

II 

Z 

_l 

II 

II 

UJ 

u. 

II 

3 

UJ 

II 

II 

a: 

II 

(T 

Z 

II 

II 

> 

II 

K 

z 

II 

z 

II 

<r 

1- 

II 

oo 

< 

II 

o 

II 

UJ 

f^ 

II 

Z 

I 

II 

II 

1- 

_l 

II 

l-H 

<J 

II 

K 

II 

< 

»_l 

00 

^ 

n 

UJ 

II 

a 

II 

J  m 

_i 

II 

_l 

IT 

II 

1— « 

II 

< 

_l 

II 

_l 

II 

q: 

II 

u. 

a 

UJ 

II 

UJ 

z 

II 

*-i 

u 

II 

O 

< 

u 

II 

u 

o 

z 

II 

a 

00 

II 

o 

II 

l-H 

o 

II 

a  UJ 

II 

01 

_l 

II 

_J 

1- 

l-H 

II 

•yi 

Q 

II 

00 

-I 

UJ 

ll 

UJ 

< 

1- 

II 

II 

O 

< 

D 

II 

3 

1- 

< 

II 

II 
II 
II 

_l 

> 

u. 

II 
^  II 

u. 

z 

^4 

CO 

II 

1- 

•  00 

1- 

II 

II 

4 

;  00 

u 

M 

II 

CM 

O 

II 
II 
II 

u  « 

< 

II 
II 
II 

II 
—  II 

II 

«N 

II 
II 
II 

It 
II 
II 

II 
II 

II 

o 

II 

II 

II 

z 

II 
II 

cr 

UJ 

II 

II 

<a 

II 
II 

CO 

K 

II 

z 

03 

II 

D 

II 

CO 

X 

II 

S 

II 

o 

II 

o 

O 

II 

o 

z> 

II 

o 

II 

o 

Q. 

II 

a. 

z 

II 

(fl 

II 

iO 

UJ 

■\ 

ll 

II 

a 

— 

-— 

-— 

•— 

^^— 

•^" 



■^ 

'~" 

■*— - 

— -^ 

■^— 

•""~ 

■^■~ 

'^■~ 

"""' 

~""~ 

~"~~" 

"^~ 

^~" 

— .^ 

571 


01  10 

II 

■ 

II 

' 

" 

II 

■ 

' 

' 

.— __ 

II 

^ 

II 

II 

II 

II 

_ 

II 

II 

II 

II 

^ 

II 

II 

II 

II 

•  ^ 

II 

II 

II 

II 

O  CO 

II 

UJ 

II 

II 

II 

z  o 

II 

M 

1— 

_l 
3 

II 
II 

II 
II 

II 
II 

UJ   UJ 

II 

l/l 

I  Q 

II 

II 

II 

O  1- 

II 

t- 

H   (J  UJ 

II 

II 

II 

<  < 

II 

U 

on  — 

I 

II 

II 

II 

a  Q 

M 

< 

O  UJ  o 

II 

II 

II 

M 

a 

u  i 

I/) 

II 

II 

II 

M 

s 

II 

II 

II 

II 

»^ 

II 

II 

11 

II 
II 

II 

II 
II 
II 

II 

—   II 

II 

11 
^  II 

II 

II 

O 

II 

II 

II 

II 

cr 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

t- 

II 

(O 

<o 

II 

10 

II 

II 

< 

a: 

II 

03 

CO 

II 

CO 

II 

II 

Q  O 

II 

\ 

Z 

^ 

Z 

II 

^ 

II 

II 

LTI 

II 

in 

< 

in 

< 

II 

in 

II 

II 

UJ  Z 

II 

o 

1 

o 

1 

II 

o 

II 

II 

D  O 

11 

-^ 

u 

^. 

i_) 

II 

^ 

II 

II 

O 

a. 

II 

in  00 

in 

00 

II 

in 

II 

II 
II 
II 

00 

II 
II 
II 

o 

-> 

o 

-) 

II 
^   II 

o 

II 

II 

II 

II 

II 

II 

II 

1 

1 

1 

II 

II 

II 

II 

111 

UJ 

1 

z 

Q 

II 

II 

II 

II 

-1 

u 

UJ 

UJ 

UJ 

_1 

II 

M 

II 

II 

a 

z 

Q 

D 

X 

< 

z 

II 

II 

II 

II 

z 

< 

OO 

UL 

►-< 

<_) 

^- 

t-» 

UJ 

,— * 

II 

II 

II 

II 

•-H 

o 

z 

Z  O 

00 

a 

O 

1- 

Q 

11 

II 

II 

II 

a:  O  liJ 

O 

^ 

O  UJ 

00 

o: 

11 

(/) 

II 

II 

II 

cr 

o 

»-» 

t- 

Q 

z 

K 

a. 

d 

> 

< 

11 

Z 

II 

II 

II 

O  U  (- 

00 

a 

< 

i/) 

UJ 

00 

00 

o 

11 

o 

II 

II 

II 

u. 

u 

< 

> 

< 

o 

cr 

*_/ 

(Q 

11 

II 

II 

II 

< 

Q 

00 

o 

u 

UJ 

11 

UO 

(- 

II 

II 

II 

Z 

CD 

(O 

I 

m 

S 

11 

u 

II 

II 

II 

z  z 

UJ 

UJ 

a 

Q 

K 

u 

UJ 

11 

r) 

< 

II 

o 

II 

II 

< 

i-» 

Z  X 

3  0)  UJ 

00 

cr 

1— 1 

II 

II 

UJ 

II 

II 

_1 

Z  1- 

UJ 

^- 

1- 

i- 

o 

a 

> 

II 

t- 

a 

II 

z 

(T 

II 

II 

a 

z 

o 

t-i 

< 

u 

1- 

UJ 

II 

UJ 

II 

o 

HH 

II 

II 

o  o  o 

> 

• 

_l 

< 

■— ( 

(T 

II 

< 

00 

II 

t— 1 

D 

II 

II 

UJ 

l-H 

UJ 

1- 

UJ 

f- 

UJ 

a 

oo 

i—i 

II 

o 

II 

K  O 

II 

II 

o 

K 

tr 

a. 

ir 

z 

1- 

Z 

II 

t- 

_i 

II 

U  UJ 

II 

II 

»-( 

< 

z 

_i 

I— « 

_l 

-I 

o 

II 

u 

M 

< 

K 

II 

II 

>  1- 

r 

UJ 

z 

1-^ 

> 

D 

UJ 

11 

1/1 

II 

II 

II 

o 

z 

1- 

> 

o 

cr 

u. 

UJ 

oo 

> 

00 

11 

Q 

II 

II 

II 

a: 

UJ 

*^ 

f— • 

*-4 

a 

I-* 

_| 

UJ 

UJ 

UJ 

II 

UJ 
tSJ 

II 
II 
II 

II 
II 
II 

II 
^   11 

a 

z 

2 

o 

00 

< 

1- 

ZD 

a 

-J 

Q 

II 

„ 

II 

11 

cr 

II 

II 

II 

II 

cc 

o 
o 

II 
II 

II 
II 

II 
II 

II 
II 

Q 

UJ 

1- 

II 
II 

z 

II 
II 

II 
II 

II 
II 

in 

< 
u 

z 

II 
II 
II 

o 

t— 1 
1- 

1- 

z 

UJ 

II 
II 
II 

z 

00 

1 

< 

s 

00 
1 

< 

II 
II 
II 

< 
> 
1 

< 

II 
II 
11 

3 

II 
II 
II 

II   ' 
II 

< 

O 

II 

M 
II 
II 
II 

u 
00 

2£ 

1 
CM 

u 
00 

n 

1 

II 

II 

II 

II 

u 
00 

-5 

1 

11 
11 
11 

II 

II 

II 

II 

II 

u  o 

u. 

II 

II 

II 

II 

00 

a 

1— • 

II 

II 

II 

II 

UJ 

Q 

II 

II 

II 

II 

cc 

II 

II 

II 

II 

00 

a 

00 

II 

II 

z 

II 

II 

00 

z 

00 

II 

II 

o 

11 

II 

UJ 

3 

UJ 

II 

It 

•-< 

II 

II 

cr 

cc 

II 

II 

1- 

II 

II 

o 

Z 

a 

II 

II 

Q. 

II 

II 

UJ 

a 

II 

II 

►-I 

M 

II 

o 

CJ 

11 

II 
II 

,   , 

cr 

II 
II 

II 
II 

> 

o 

z 

Q 

11 
11 

II 

a. 

to 

II 

II 

z 

2 

2 

11 

II 

a 

UJ 

II 

II 

O 

_l 

II 

II 

i/i 

Q 

II 

II 

a 

-J 

11 

II 

II 

11 

z 

z 

1- 

11 

II 

II 

II 

UJ 

a 

00 

11 

rj 

O 

-— 

r-4 

O 

z 

h- 

a: 

a 

a 

I-   00  I- 
<  l/l  u 

(_)  "^  < 


cr 

UJ 

CD 

Z  CO 

n 

-  z 

o 

U  D 

o 

a  z 

iO 

O) 

•75 

O 

o 

lO 

572 


0  U3 

1  CD 


o 

!D 

z 

o 

UJ 

UJ 

o 

K 

< 

< 

a 

Q 

II 
II 
II 
II 
II 
II 
II 
II 
II  1/1 


M 


z 
o 

to  h- 

o 

3  < 

K  Q 
UJ 

<  i/l 
O 


Q 

tu 

Nl 

cc 
cc  o 

o 
a  UJ 

I- 

{/)  < 

<-i 

z 


o 


o 

z 

)- 

ex 

o 

a. 

I-  3 

r  Q 


II 
II 
II 
II 
II 

UJ    II 

II 

II 

II 

O  UJ  II 

lA  <-•  X    » 

o  UJ  u  II 

u  2  uo  II 

It 

II 

II 

II ' 
II 
II 
II 


o 

at 

UJ  o  II 
I-       II 

4  (T    II 
Q  O 


(/)   II 


UJ  Z 
3  O 

a  0. 


1/1  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


IS 

^  < 

in  a 

O  I 

•^  o 

in  (/) 

o  -> 


(O 

(O 

(0 

CD 

(S 

(S 

^  < 

^  < 

>^  < 

in  a 

in  Q 

in  Q 

O    1 

O    1 

O    1 

■^  <j 

^  u 

^  u 

in  (/) 

in  i>i 

\n  00 

o  -> 

o  -> 

o  -) 

z  ac 

o  >- 

•-I  3 

I-  O 

U  UJ 

<  cr 


<  UJ 

a  •-t 

I- 

I  •- 

u  -I 

z  •-• 

<  < 

_i  a 

< 

1/1  u 

1/1 

IXJ  UJ 

1/1  a 

I/)  < 

<  u 

UJ  1/1 

IT  UJ 


o 

UJ  UJ 

o  o 

z  •-• 

UJ  (/) 

z 

Z  ui 

0  X 
u 

UJ 

(T  U. 

o 

UJ 

1  z 
H  O 

O  I- 

z  o 

>H  UJ 

Q  I- 

D  O 

-I  a 


UJ  3 
IZ  CO 


K   J  (X 


Q  I- 

«  a: 

-I  o 

1/1  a 

I  UJ 

0  cr 

I- 
I 

1  UJ 

I-  3 

<  o 

r  tr 


•-'  z 

o 
_i  ii 

UJ  (/I 
>   UJ 

UJ  O 


UJ 


a 
tr 

<  I-  < 

l-H    CO   O 

(J  >  m 

UJ  t/1 

a  w  s 

t/1  UJ 

QQ    I— • 

UJ  u  > 

X  a  UJ 
h-  a  a 


z 

O  I- 

-•  z 

H  UJ 

U  Q 

<  " 


II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II 

11 

II 

II 

II 

II 

Z    II 

C    II 

►-.  II 

I-  II 

a  II 

■-■  II 

CC    II 

I-  U    II 

tr  lA  II 
O  UJ  II 

1/1  Q    II 

II 

II 


< 
z 
I 
u  — 

10    I 

->  — 


UJ 

< 

< 

< 

> 

CO 

1 

u 
1 

1 
u. 

(J  M 

u  <r> 

<  T 

on   1 

00    1 

OO      1 

^  — 

->  — 

3  - 

tr  o 

CJ  I- 

UJ  UJ 

_l  I-  UJ 

ffi  3  IT 

<  O  — 

~  cr  3 

>  UJ 

UJ  O 

u.  a  ►- 

o  <  _l 

(J  CO 

U  UJ  UJ 

<  I 

-/  5  I- 


1-    OO   1-     II 

<  00  U    II 

U  —   <    II 

q: 

UJ 

o 

z  m 

"T 

-  k 

O 

<-;  3 

o 

a.  z 

to 

573 


^  CD 

II 

'~~ 

^^^^' 

~~*' 

11 

■ 

■ 

■ 

■ 

■ 

■ 

' 

■ 

11 

II 

II 

x^ 

H 

II 

II 

II 

II 

II 

H 

H 

II 

II 

^ 

II 

II 

II 

II 

II 

•  ^ 

II 

II 

II 

II 

II 

O  00 

II 

UJ 

II 

II 

II 

II 

II 

z  o 

II 

_l 

II 

It 

II 

II 

K 

3 

II 

II 

II 

II 

UJ   LU 

II 

(/I 

X  Q 

II 

II 

II 

II 

O   K 

II 

1-  1-  O  UJ 

II 

II 

II 

II 

II 

<  < 

II 

u 

to  <-■ 

X 

II 

II 

II 

Q.  O 

II 

<  O  UJ  U 

II 

II 

II 

II 

II 

a 

U   S 

i/l 

II 

II 

II 

II 

II 

s 

II 

II 

II 

II 

II 

•-I 

II 

II 

II 

II 

II 

II 
II 
II 

II 

_  tl 

II 
~  It ' 

11 
-  11 

II  • 
II 

~" 

II 

II 

II 

II 

O 

II 

11 

II 

II 

II 

a. 

II 

II 

II 

II 

II 

UJ  O 

II 

il 

II 

II 

n 

H 

II 

(0 

II 

(O 

11 

CO 

II 

11 

< 

cr 

II 

33 

II 

(S 

II 

CO 

II 

II 

Q  O 

II 

\ 

s 

II 

^.. 

z 

II 

^^ 

II 

II 

1/1 

II 

in 

< 

II 

N 

< 

II 

in 

II 

II 

Ul 

z 

II 

o 

1 

II 

•— 

1 

II 

o 

II 

II 

O  O 

II 

^ 

o 

II 

V, 

u 

II 

>v 

II 

II 

o  a 

II 

in 

(/) 

II 

in  i/> 

II 

in 

II 

II 

II  ■ 
II 

liO 

II 
II 
II 

o 

-> 

II 
_  II 

o 

-> 

II 
—  II 

o 

It 

—  II 

II 

II 

It 

II 

II 

-I 

II 

1 

1 

11 

> 

tl 

II 

M 

-1  o 

II 

1 

o 

1/1 

11 

1 

UJ 

1 

1 

1- 

11 

II 

II 

< 

1- 

z 

II 

z 

> 

_J 

1- 

> 

II 

z 

I 

z 

< 

UJ 

11 

II 

II 

UJ 

3 

UJ  Z 

. 

II 

UJ  Q  O  I/l 

00 

II 

z 

00 

1- 

o 

IM 

u. 

II 

II 

II 

K 

(J  UJ  u. 

on 

2 

I  UJ 

^s. 

11 

X 

3 

z 

o 

II 

O  1- 

u 

i-< 

< 

II 

II 

II 

<. 

z 

>  O  UJ 

1- 

K 

a 

11 

UJ 

K 

X 

z 

UJ 

II 

CJ  00  Q 

-I 

00 

z 

II 

II 

II 

1^ 

K 

z' 

to 

<r 

II 

a: 

1/1 

u 

a. 

11 

UJ 

z 

z 

-1 

»-^ 

o 

II 

(/> 

II 

11 

cr 

o 

l/l 

>  O  Q.  UJ  O  > 

< 

II 

a. 

UJ 

UJ 

< 

11 

cr 

< 

UJ 

H 

UJ 

II 

z 

II 

11 

a. 

Ul 

z  O 

O  O  H 

1- 

1/1  O 

II 

Z  O  K 

z 

u 

11 

UJ 

z 

O  O  00  00 

11 

o 

II 

11 

O  UJ  UJ  3 

-1 

in 

s.^ 

(D 

11 

o 

z 

^ 

1— 1 

00 

11 

cj  I  a  < 

Z  Z  t- 

11 

II 

11 

(T 

u 

X  1-  O  1- 

> 

l/) 

11 

u 

1— « 

1/1 

z 

UJ 

It 

i-H 

K 

UJ 

a 

UJ 

< 

UJ 

Z 

II 

l/l  t- 

II 

II 

a. 

O  Ul 

i/l 

z 

l/l 

lA 

K 

(D  3 

11 

cr 

z 

cr 

II 

u. 

o 

cr 

a 

t- 

UJ 

II 

o 

II 

II 

a 

a 

cr 

X  o 

_l 

O 

UJ 

11 

X 

UJ  o  UJ 

3 

II 

u  o 

< 

> 

3 

00 

z 

II 

3  < 

II 

o 

II 

< 

a 

a  o  u  2 

UJ 

3  (T 

1^ 

11 

t- 

UJ 

»-t 

H 

UJ 

II 

UJ 

t- 

z 

t- 

1— 

UJ 

> 

UJ 

II 

II 

UJ 

II 

2 

z 

UJ 

a 

1/1 

a 

> 

II 

»-l 

z 

1- 

UJ 

cr 

II 

a 

< 

UJ 

3 

X 

oo 

_1 

It 

1-  Q 

H 

z 

q: 

11 

UJ 

u. 

O 

^~ 

UJ 

< 

Ul 

UJ 

II 

3 

a. 

Q  a 

11 

00 

00 

z 

u. 

U. 

1- 

UJ 

11 

UJ 

II 

o 

II 

z 

o 

u 

cr 

^ 

Z 

u 

a 

»-* 

cr 

II 

S  o 

II 

z 

< 

t- 

II 

<   lyO 

II 

Z) 

II 

UJ 

lo 

to 

1-4 

11 

Q 

z 

o  z 

11 

UJ 

o  z 

1/1 

O 

u. 

u 

UJ 

II 

o 

II 

1- 

a 

II 

z 

a 

< 

UJ 

z  z 

UJ 

1- 

z 

II 

UJ 

UJ 

_i 

1- 

D 

n 

Q 

t— * 

4 

z 

o 

3 

_l 

II 

1-  _l 

II 

u 

UJ 

II 

IT 

o 

z 

o  a 

tr 

-1  o 

II 

UJ 

_i 

Z 

n 

H- 1 

>- 

cr 

UJ 

►-< 

cr 

1- 

II 

u 

n 

< 

cr 

II 

UJ 

X 

I 

UJ 

3  O  UJ 

1— 1 

11 

U 

UJ 

< 

00 

•— • 

n 

> 

< 

o  o 

z 

z 

1- 

1- 

II 

on 

II 

II 

1- 

1- 

1- 

o 

t- 

K 

UJ 

a 

> 

lyl 

11 

O 

> 

UJ 

1-  Z 

n 

o 

Q 

o 

Z 

cr 

o 

00 

3 

II 

Q 

II 

II 

UJ 

UJ 

i-i 

z 

a 

UJ 

a. 

UJ 

UJ 

UJ 

11 

cr 

1— 1 

u. 

hH 

a  UJ 

n 

cr 

z 

□: 

< 

UJ 

•— t 

UJ 

I 

II 

UJ 

II 
II 
II 

II 
II 
II 

a  s 

3 

UJ 

O  Q  (J 

cr 

_l 

O 

II 
■~  II 

a.  i>o  o  <J  o  1- 

II 

a 

UJ 

a 

cr 

(_> 

t- 

Q 

1/1 

II 

—   It 

11 

11 

11 

a 

II 

II 

II 

II 

11 

cc  o 

II 

II 

II 

II 

II 

o 

n 

II 

II 

II 

II 

O   UJ 

II 

II 

II 

II 

II 

1- 

II 

z 

II 

11 

II 

II 

1/1  < 

II 

O  1- 

II 

< 

< 

n 

< 

< 

II 

z 

< 

II 

u 

II 

z 

II 

o 

11 

UJ 

II 

< 

II 

z 

II 

1- 

UJ 

II 

1 

11 

1 

II 

1 

II 

D 

II 

U  Q 

II 

o 

r~ 

II 

u 

*— 

II 

<j 

^ 

II 

II 

< 

t-t 

II 

i/i 

1 

II 

00 

1 

II 

00 

1 

II 

II 
II 
II 

n 
11 
II 

-> 

— 

II 

-5 

— 

11 

-0 

— 

It 

—    II 

^  II 
II 

H 

II 

II 

II 

,—t 

1- 

II 

)— 1 

1- 

11 

UJ 

II 

II 

II 

m 

u. 

O 

11 

(0 

u. 

3 

11 

1- 

II 

II 

II 

< 

u. 

O 

11 

< 

u. 

O 

11 

1/1 

II 

II 

n 

Q. 

o 

-1 

11 

a 

O 

-I 

11 

> 

II 

II 

n 

< 

1- 

_l 

II 

< 

t- 

_l 

11 

00 

II 

II 
II 

z 
o 

11 

n 

U 

u. 

o 

cr 

II 

11 

u 

u. 

o 
a 

11 
11 

> 

II 
11 

M 

►-* 

n 

UJ 

_l 

11 

UJ 

_l 

II 

1- 

II 

11 

1- 

II 

Q. 

o 

II 

a 

o 

11 

UJ 

00 

II 

II 

a. 

II 

< 

S 

z 

II 

< 

Z 

z 

11 

u. 

z 

II 

M 

•-1 

11 

u 

o 

Q 

II 

<_) 

O  Q 

11 

< 

tr 

II 

II 

cr 

11 

in 

cc 

Z 

n 

1/1 

cr 

z 

tl 

00 

UJ 

II 

II 

•-* 

u 

II 

UJ 

u. 

_l 

n 

UJ 

u. 

-I 

11 

i_i 

II 

II 

cr 

1/1 

II 

II 

11 

UJ 

z 

II 

H 

a 

UJ 

11 

J 

> 

D 

11 

3 

> 

3 

11 

'J  o 

11 

M 

'yi 

Q 

11 

UJ 

1- 

cr 

n 

UJ 

1- 

a 

11 

z 

i_) 

II 

II 

n 

cr 

1^ 

X 

n 

cr 

•—1 

X 

11 

< 

11 

11 
11 
II 

n 
II 
11 

o 

_l 

1- 

II 
—  11 

u 

—i 

t- 

M 

It 

<r 

z 

II 

—  II 

CO 

1-  1/1 

1— 

II 

11 

11 

1 

II 

<   01 

O 

II 

II 

11 

II 

O 

II 
11 
II 

u  — 

< 

n 
n 
n 

II 

n 
—  11 

II 

—   11 

II 

II 

II 

(N 

II 

II 
11 

II 
11 
II 

11 
11 
II 

II 
II 

tl 

II 
II 

II 

o 

l\ 

11 

II 

cr 

11 

II 

z 

II 

11 

UJ 

11 

11 

_ 

II 
II 

_ 

II 
II 

CM 

II 
II 

1- 

II 

z 

0) 

M 

T 

II 

^ 

II 

T 

II 

QC 

11 

s 

11 

O 

11 

o 

11 

O 

II 

C 

11 

u 

D 

11 

o 

11 

o 

II 

3 

II 

a 

11 

a. 

Z 

n 

lO 

11 

(£> 

11 

lO 

II 

UJ 

a: 

■' 

n 

._ 

._ 



1 



11 

.__ 

._ 

._ 

,^ 



11 

574 


CM    to 
T  CD 


O  CD 

z  o 


a  Q 


II 

M 

II 

II 

II    I/) 

M    t- 

II    U 

II    < 

II  a 
II  s 


i/i  t- 


CD 


CNI 

o 


_l 

I  Q 

I-  IJ  UJ 

1/1  «  I 

O  UJ  U 

cj  S  I/) 


II 
II 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
H 
II 
II 
II 
11 
II 
II 
M 
C/l  II 

Z  II 
O  II 
II 
II 
II 
II 


II 

I-  Q  II 

UJ  II 

«t  1/1  II 

O  II 

I-  _1  II 

U  II 

Ul  II 

a  II 

U  II 

rsl  II 

--  «  II 

CC  II 

(TOM 

Cj  II 

Q  UJ  II 

t-  II 

lO  <  II 

U  II 

Z  II 

O  M 


o 
cr 

UJ  o 

I- 

<   (T 

Q  O 

(/I 

UJ  Z 

3  O 

Q  a 


(0 

CO 

CO 

03 

CD 

CD 

^  S 

--  s 

^  2 

T   < 

^  < 

CD  < 

CN     1 

CN      1 

O     1 

^  (_> 

V.  U 

^  U 

T  </l 

<»  (/) 

If)  1/1 

o  -) 

o  -) 

o  -> 

l/l 


CO 


Q 

UJ 

z  cr 

o  - 

•-  D 
I-  O 
U  UJ 

4  cr 


z  z 

•-I  U  UJ 

<  ~  s 

a:  u.  UJ 

I-  >-  a 

t/l   C_)  >-l 

Z  UJ  D 

o  a  o 

O  1/1  UJ 

UJ  a. 

s  o  -I 

►1  _i  < 

K   UJ  Z 

>  o 


II   z 


Q  t- 
U 

U.  Q  Z 
UJ  Z  3 
Q  <  U. 


a 

UJ 

I  I- 

cr  -i 

UJ  m 

u.  cr 

tr  O 

UJ 

I-  _i 
z  < 

I   cr 
z  o 

o  z 

z 
I 

z  — 

-  s 
ir 
n  UJ 

1/1    CJ 

z  z 

UJ  UJ 


1>0 

I-   I 

Z  1/1 

1-1     l-H  1/1 

<  5  K 

ir  -I 

I-  cr  3 

lO  n  on 

z  <  UJ 

O  t-  a 
CJ  z 

UJ  I- 

ir  u  cr 

o  o 

>  a 

1/1  CD  UJ 

z  tr 

O  Q 

1-1  UJ  • 

t-  1/1  1/1 

c_>  O  Z 

z  a  o 

3  5" 

u_  *-«  c/1 


I 

< 


c/1  UJ 

I-  r 


UJ  z 

>  o 

UJ  *-i 

_i  c/1 

UJ 

_l  Q  • 

<  '-- 

-<  S  O 

c_)  UJ  cr 

UJ  H-  < 

a  i/i  o 

1/1  >  m 

c/1 

UJ  w  s 

X  UJ 

I-  (D  — 

u  > 

o  cr  UJ 

I-  a  cr 


z  CJ  u 
UJ  z  < 
5  -H  a 
UJ  o  S 
-13" 

a  -I 
S  u 
—  z 


UJ 


a 
o 


UJ  UJ 

X  cr 

c_) 

^  cr 

I-  o 

>  O  1/1  Q. 

cjj  >-i  O  UJ 

Q  K  c_>  CE 


m  3 

CJ  UJ 

a  •-. 

Q.  > 


z 

-J  13 

UJ  » 

>  C>1 

UJ  UJ 

_)  Q 

-I  S  • 
<  UJ  ^^ 
«  t-  Q 

CJ  c/1  cr 

UJ  >  < 

a  c/1  o 
l/l  -^  m 


z 

—  z 

I-  UJ 

(J  Q 

<  -• 


o  — 
c/1    I 


< 

4 

4 

4 

4 

Q 

i/l 

> 

U 

cs 

U 

n 

CJ 

— 

ly) 

1 

c/1 

1 

1/1 

1 

-> 

^ 

-> 

— 

-1 

CN 

z 
o 


cr 
o 


cr 

•_    CJ 

q:  1/1 

Q   UJ 

c/1  a 


> 

CJ 

z 

UJ 

a: 

UJ 


UJ 

Q 

MS- 


— 

II 

II 

CM 

II 
II 
II 

II 
II 
II 

o 

II 

II 

z 

II 

cr 

II 

II 

CJJ 

II    O 

^- 

II 

Z 

CO 

II    T 

o: 

II 

s 

II    O 

3 

II 

CJ 

D 

II    O 

o. 

II 

a 

Z 

II   CO 

11 
II 
II 
II 
II 
II 
II 
II 

M 
II 
II 
II 
II 
II 
II 
II 

'  II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

-  M 
II 
II 
II 
II 
II 
M 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


II    UJ   _l 

K  C/1  1- 
4  1/1  CJ 

U  -.   4 

575 


O  lO 

_^ 

.__ 



— 

— 

— 

^  (D 

II 

II 

II 
II 
(1 

\ 

II 

II 

— 

II 

II 

'~ 

II 

II 

II 

•  ^ 

II 

M 

II 
II 
II 
II 
II 
II 
II 
II 
II 
If 
II 

o  <a 

II 

UJ    II 

z  o 

II 

_l    II 

II 

H  D   II 

LU    UJ 

II 

1/5 

r  Q    II 

O  1- 

II 

1- 

1-  (J  UJ    II 

<    < 

II 

U 

1-0  —  X  11 

a  Q 

II 

< 

O  UJ  U    II 

II 

a. 

u  3  bO  II 

II 

s 

II 

II 

t-t 

II 

II 
II 

II 

II 

II 

II 

■^  II 
II 
II 
II 

H 
II 

II 

O  II 

II 

a  II 

II 

UJ  O   II 

II 

»-         II  CO 

(O 

(O 

II 

<  a  II  00 

(S 

CO 

II 

II 

Q  O   II   ^  5 

^ 

z 

^  z 

II 

II 

bO    II    0)   < 

(S 

< 

00   < 

II 

II 

ai  z  II  o  1 

o 

1 

O    1 

11 

II 

D  O    II    ^  <_) 

>^ 

(J 

^  o 

II 
If 

II 

o  a  II  in  00 

in 

00 

in  00 

II 
II  ' 

l/l    II    O  -) 

o 

-) 

o  -) 

II 

II 

II 

—  II 
II 

II 

II  o 

_i 

00 

, 

II 
11 
II 

II 

II  t-       1 

-1 

1 

1- 

>-* 

z 

II 

II           > 

< 

00 

< 

_l 

i-M 

o 

II 

HZ        < 

Z  1- 

3 

1^ 

UJ 

m  '% 

II 

II 

no      a 

cr 

O 

Z 

LO 

_l 

1- 

I  U  UJ 

II 

II 

II    —  Q 

O 

•— • 

UJ 

UJ 

UJ 

z 

< 

t- 

tr 

H-* 

II 

II 

II  1-  <  u. 

u. 

1-  z 

tr 

>  a 

1- 

Q 

a 

> 

II 

</) 

II 

II  <  o  o 

< 

UJ 

UJ 

•-• 

z 

z 

o 

UJ 

II 

z 

II 

II  o  _l 

00 

ac 

-1 

1- 

-I 

00 

UJ  UJ 

UJ 

1- 

*-» 

cr 

II 

o 

II 

II    Z  >  3  1- 

z>  a. 

a: 

UJ 

z  ^ 

s 

II 

^ 

II 

II    UJ   <  UJ 

*-« 

O  Z  O  -1  Q 

. 

UJ  <  Z  (O 

2 

II 

(/I 

(— 

II 

II  2  a  w 

z 

»-• 

*-* 

a. 

< 

/■^ 

tr  z  o  K 

_i  ia 

II 

CJ 

II 

II   Z        -J 

3 

u. 

UJ 

l-l 

z  o 

u 

o 

_J 

UJ 

k— • 

II 

3 

< 

II 

o  II  o  cr 

Z  UJ 

cr 

o 

UJ 

q: 

U  Q 

UJ 

3 

>  00 

II 

II 

UJ    II    U  UJ   z 

a 

O  00 

UJ 

1- 

< 

O  Z 

Qi 

i/> 

UJ 

UJ 

II 

t- 

Q 

II 

z  a  II  UJ »-  -• 

S  u  o  z  a  00  o 

(£  < 

UJ 

_l 

o 

II 

UJ 

II 

o  —  II  tr  — 

< 

a. 

< 

00 

> 

m 

a. 

(J 

tr 

II 

< 

iA 

II 

■-•  Z)   II         CD  i/l 

-I 

-I 

o 

_i 

00 

to 

_J 

UJ 

II 

O 

II 

1-  O    II    5  (T  UJ 

(_) 

^ 

cr 

a. 

UJ 

^^ 

3 

2  Z 

l^ 

1— 

< 

^.^ 

II 

1- 

-1 

II 

c_>  UJ  II  UJ  O  I 

Q. 

a 

X 

UJ 

UJ  O 

•-• 

IT 

t- 

Q 

II 

u 

II 

<  tr  II  i-i      (_) 

o 

z 

H 

CO 

»— 1 

U  O  (_)  00 

tr 

II 

t/i 

II 

II     >   UJ   1- 

< 

00 

a 

o 

u 

> 

>  1- 

UJ 

a 

UJ 

> 

< 

II 

a 

II 

II  UJ  00  < 

o  a 

z 

•-^ 

o  cc 

UJ 

uj  a 

a 

UJ 

a 

UO 

o 

II 

UJ 

rsi 

II 

II  - 
II 



II  a  3  _i 

-1 

•"■ 

< 

h- 

1- 

a 

q: 

CE  o 

00 

tr 

00 

m 

II 

II 

"■" 

^~' 

^~" 

^~" 

"^~' 

""■"■ 

—  II 

q: 

II 

II 

II 
II 

a 

O 

II 

II 

<J 

II 

II 

_ 

II 
II 
II 

II 
II 

Q 

UJ 

II 

II 

o 

>- 

II 

Z         II 

< 

i/> 

< 

M 

O  1-    II   < 

< 

z 

< 

< 

< 

u 

II 

—  Z    II    1- 

1 

y— 

II 
II 
II 

z 

II 

1-   UJ    II      1 

(J 

1 

3 

II 

U  Q    II    O  — 

U.   1 

N 

u  — 

II 

<  ■-■   II   00    1 

00 

1 

00    1 

II 

II 

II    - 
II 

II   -)  — 

Z  ' 

- 

->  (M 

II 

II 

— 

■^^ 

^~" 

~~' 



■~"~ 

-  II 

II 

II   Z 

11 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 

II   UJ  Z 

II 

II   S  UJ 

II 

II   3  f- 

II 

II  a  00 

II 

Z    II   1-  > 

II 

O   II  1/1  00 

II 

l-H     II     z 

II 

1-   II  —  o 

II 

Q.    II          z 

II 

«    II    (Q  » 

II 

q:  II  <  1- 

II 

—  U    II    _l  Z 

II 

ir  00  II  UJ  ►.!  I 

II 

Q  UJ   II  (_)  o  u 

II 

1/1  Q  II  <  a  K 

II 

II  a.      < 

03 

II 

II    — 
M 

II    00   1-    _| 



— 

— 

1—  ;/!  1-   II 

— 

"~- 

— 

-  II 

I 

II 

<   t/1  U    II 

II 
II 

(N 

M 

U     "H     <       II 

o 

II   — 
II 

— — -  II  — .— .^. 

II 

II 

..^_ 

_^__ 

~ 

■^  — 

^~ 

""" 

^~ 

— 

-  II 

O 

II 
II 
II 
II 

II 
II 
II 

II 

II 
II 
II 
II 

z 

II 

q:  II 

II 
II 
II 
II 
II 
II 
II 

II 

UJ  II  in 

1- 

(1 

Z  0]   II   9 

a: 

II 

—  5   H   O 

o 

II 

o  :3  II  o 

a. 

UJ 

II 
1. 

a.  z  II  u: 

a: 



— 



— 







— 





■— — 













II 

576 


O  CO 

r  o 

UJ  UJ 

<  < 
a.  a 


II 

11 
II 

H 

II    CO 

II    H 


10 

z 
o 

l/l  1- 
o 

3  < 

^-  Q 

UJ 

<  l/l 

o 
I-  _l 

u 
(/I 

Q 

LU 

rsl 

cr 
tr  o 

O 
O  liJ 

I- 

i/i  < 

i_) 

z 

3 


CM 
O 


o 

z 


cr 
o 
a. 


UJ 

_i 
I-  3 
X  a 

I-  (J  UJ 

1/1  «  I 

O  UJ  U 

(_)  a  1/1 


CO 

z 

CO  < 
O    I 

u 
in  i/i 

o  -) 


CO 

--  2 

to  < 

O  I 

^  u 

o  -> 


Q 

UJ 
Z  IT 

o  « 

•-■  3 
I-  O 
U  UJ 

<  cc 


r  I 


X  5 
u 

i/>  a  Q 

^  UJ  111 

(E  I  H 

UJ  K  < 

S  O  ►H 

o  o 

a  o  o 

Z  Z  1/1 

<  <  00 

s  < 

I- 

a  to  l/l 

o  o  I- 

_i  U  CJ 

UJ  ^  < 

>  UJ  CL 

UJ  -I  S 

Q  3  •- 


o  o 

z  >- 

3  -J  I- 

->  -I  < 

Z  <  O 

0  (T  UJ  Z 
U  UJ  (X  UJ 

>  <  s 

Z  O  3  S 

i-i  t-  O 

z  u.  (J 

UJ  <  O  ui 

c3  (/I  cr 

z  I 

<  I-  I/) 

X  •->  <_)  • 

u  S  •-  S 

Z  UJ 

l/l  Z  O  "- 

"  o  •-  > 

1  "H  >  UJ 

I-  I-  <  a 


UJ 

I  •- 

I-  i/i  ►-• 

UJ  I- 

0  >  -I  -I 
Z  CD  3  UJ 
<  i/l  > 
X  O  UJ  UJ 

u  UJ  a  -I 

a 

LO  o  I-  _i 

•-■  -I  a  < 

1  UJ  o  !-• 

I-  >  a  (_) 

UJ  UJ  UJ 

O  o  CE  a 


z 
►«  '.ij 

O  CO  ' 

cr  (D 

<   _J  CJ 

O  -I  l/l 

UJ  •-•  < 

cr  s  o 


z 

13 
I— I 
(/I 
UJ 

O  • 

s  o 

UJ  IX 

I-  < 

l/l  O 

>  CD 

l/l 

^  s 

Ui 

m  « 

u  > 

cr  UJ 

a  ct 


z 

O  I- 

•-  z 

K  UJ 

O  Q 

<  — 


H 

II  (D 

II  O 

II  I/) 

H  < 

H  O 


II  ^ 

II  < 

II  o 

II  u  — 

II  l/l  I 

II  -1  — 


< 
> 


in   I 


II  q: 

M  O   UI 

II  z  K 

II  ►-  _i 

II 

II 


cr 
—  (J 

cc  l/l 
O  UJ 
l/l  Q 


S  u. 

II  3 

II  I/)  o 

II  z 

II  o  •-  I- 

II  I  Q  Z 

11  a  Z  UJ 

M  Ui  S 

II  X  00  UJ 

II  (J  <J 

II  I-  Q  < 

II  ►-  Z  _l 

II  Q.  <  a 


h-   l/l  K 

<  t/1  U 

O  —   < 

—^ 

cr 

as 

(0 

z 

XI 

<r 

*-• 

s 

o 

o 

3 

o 

a 

z 

10 

577 


in 

CD 

ir 
i( 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

o 

CO 

II 

UJ 

II 

II 

z 

o 

II 

II 

_i 

II 
II 

II 

II 

LU 

LU 

II 

l/l 

X  Q 

II 

II 

O  l- 

II 

1- 

1-  o  lu 

II 

II 

< 

< 

II 

U 

</l    M    X 

II 

II 

a 

o 

II 
II 
II 
11 
II 

K 

< 

a 

o  ui  cj 

U   S  1/1 

II 
II 
II 
II 

II 

>  II  ^— 

II 
II 
II 
II 

II 

II 

II 

II 

II 

o 

II 

II 

II 

(X 

II 

II 

II 

UJ  o 

II 

II 

II 

H 

II   (0 

ID 

II  to 

II 

<  a 

II   00 

CO 

II    00 

II 

Q  o 

II  -% 

Z 

^ 

z 

II  ^ 

II 

(/> 

II    CO  < 

00 

< 

II   9 

II 
II 

UI  z 

3  O 

II  o 

II  ^ 

1 

o 

1 
u 

II  o 
II  ^ 

II 

Q  a. 

II    U)  1/) 

in 

00 

II  in 

II 
II 

m 

II  o 

II  ^^ 

-) 

o 

-> 

II   o 

II 

II 

—  II  ^^ 
II 

II 

II 

00 

UI 

II 

1 

II 

II    1 

X 

1 

z 

X 

I-I 

II 

< 

X 

II 

II   Q 

1- 

o 

o 

1-  l/l 

l-H 

II  >^ 

a 

1- 

II 

II    UI 

l-l 

z 

1-4 

UI 

1- 

II  t- 

< 

—  Q        UJ  (D  2 

II 

II   X 

2 

D 

-1 

K 

CJ 

> 

_j 

-1 

II  UI  (->  o 

< 

2  UI     •  X  U  UI 

II 

II   u 

-1 

-J 

< 

z  o 

D  UJ 

z 

II 

z 

-J  O  1-  a  " 

II 

II    CO 

CE 

Q 

Z 

< 

o 

< 

00  >  O 

II    UI 

-J  < 

> 

1-  •-<  Z        Q.  > 

i>i 

II 

II  ^ 

UJ  UJ  o  a 

UJ 

z 

X  O  UJ  UI 

1-4 

II  z 

<  1- 

ffl 

(T  <  >-i  O        UI 

z 

II 

II    aXHCJUJKUJUUI 

(T 

_l 

l/l 

II  <— 

QC  l/l 

o  u.  1-  K  i-i  a 

o 

II 

II    UI 

K 

< 

>  <  z 

a 

UI 

II    U- 

3  ^ 

Q 

IS       1/1       •-« 

in 

h- 

II 
II 

II  S  O 
II  o 

U 

Z 
1-4 

o 

2 

z 

l/l  O  h-  _l  O 

•-•  -I  a  < 

^^ 

II    UI  H  X 

II  a  u  H 

UI 

1- 

<  CO  3  00         z 

H  O 

UJ  <r  K  -1  o 

u 

II 

II  a  o  o 

z 

u. 

U  X  UI  o 

CH 

z  o 

II 

3  --I 

< 

00  Z  X  -1  UI  i-i 

3 

< 

II 

Q 

II  z 

Z  00 

UJ 

< 

O  UJ  K 

> 

a. 

u 

UI 

cr 

II   Q 

QC   3  C£ 

_l  i-i  1-  3  >  1/1 

II 

UI 

II  < 

< 

l/l 

O 

00 

CE 

UJ 

UJ 

UJ 

1- 

< 

II   z 

1- 

UJ 

1-  U         l/l  UJ  UJ 

h- 

a 

II 

z  cr 

II  z 

< 

z 

I 

o 

Q  ce  a 

00 

o 

II  < 

00  o 

z 

a  z  00  UI  _t  o 

111 

II 

o  >- 

II 

K 

< 

H 

l/l 

z 

00 

> 

m 

II 

t- 

UI 

UI  -    cr 

< 

00 

II 

H-    3 

II  a 

1/1 

l/l 

X 

1-4 

U 

H-« 

UJ 

00 

II    UI 

m 

o 

00      m      _i  z    • 

O 

II 

K  O 

II   O  O  K  O  3 

»-i 

2  o  m 

> 

UI 

\^ 

2 

II    Isj 

cr  > 

1    ry  cr  t-  <  oi  '-' 

1- 

-1 

II 

U  UI 

II  -1 

o  u 

z 

UI 

(T 

CO 

X 

UJ 

II  > 

O  1- 

CO 

t-      oo  cr  •-•  1-  Q 

(_> 

II 

<  a. 

II    UI 

^. 

< 

l/l 

z  o 

>-4 

< 

_i 

o 

t- 

ffi 

H-t 

II  -1 

"^  •-• 

Q 

"  tr       o  i_)  00  tr 

C/1 

II 

II    >  UI 

a. 

►-I 

o 

►-• 

> 

(J 

-I 

00 

u 

> 

II  < 

m  -I 

< 

-1  O  Q  a  UI  >  < 

Q 

II 

II    UI 

-1  z 

X 

(-H 

> 

us 

UI 

t-< 

< 

o 

cr 

UI 

II    z 

QC   " 

O 

a      z  UI  a  00  o 

UJ 

II 

II   - 

II   Q 

II  ^— 

3 

" 

1- 

►- 

< 

cr 

a 

2  o  1-  a 

IX 

II  < 

00  (D 

_1 

l/l  CM  <  a  CO  w  (D 

— 

a 

II 
II 

II 
II  n 

—    II    ^^ 

II 
II 

q: 

o 
o 

II 
II 

II   o 

II  1/1 

II 

II 

Q 

LU 

II 
II 

z 

II  < 
II  o 

II 
II 

1/1 

< 
U 

z 

3 

II 

II 

II 

II 

II 

II 

II  - 

II 

O  K 

«  z 

h-   UJ 

U  Q 

<  " 

II  ~~ 
II  < 
II  o 
II  o 
II  (/I 
II  -> 

II 

1 

< 

< 
> 
1 
u 

00 

-> 

< 

CM 

1 

II  < 
II  1- 
II    1 

II    CJ 

II  1/1 
II  -) 

1 

< 

II 

II 

II 

II  1- 

II  m  o 

II 

II 

II    4 

_l  l/l 

II 

II    UI 

II  a 

II 

II   Q 

II  < 

>   UJ 

II 

II   O 

II  u 

-1   Z 

II 

z 

II   S 

II 

cr  1/1 

II 

o 

II 

II  00 

<   00 

II 

•-< 

II    K 

II  -1 

UJ 

II 

K 

II  z 

II  ►- 

CD 

II 

a. 

II    UJ 

z 

II  tr 

cr 

M 

i-t 

II    1- 

o 

II 

o  tr 

II 
II 

a. 

II  tr 

II    UI 

1— « 

II    lA 

II    1 

u.  o 

II 

cr  in 

II  > 

■^ 

II  1- 

>  r< 

II 

Q  UI 

II    Q  l/l 

II  >-> 

1- 

II 

1/1  Q 

II    < 

z 

II  -J 

II 

II    Z 

< 

II  a 

_i  l/l 

m 

II 

II  - 
II 



II    —' 

cr 

II  1/1 

«    OO 

1-  I/)  t- 

II 

II 

1 

II 

<  t/l  U 

II 

II 

CM 

o 

II 
II  - 

u  —  < 

II 

II  -^— ' 

II 

II 

II 

—  It  ■"^" 
II 

CN 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

II 

II 

II 

z 

II 
II 

UI 

II 

II  r- 

II 
II  00 

1- 

II 

z  o 

II  t 

II  <r 

q: 

II 

-  2 

II   O 

II  o 

C 

II 

U  D 

II   o 

II  o 

0. 

II 

a  z 

II  iO 

II   lO 

tu 

II 

II 

II 

a: 



— 

— — — . 

»^_. 

— - 

— 

— - 

—  ■ 



— . 

— . 

. 

__. 







. . 

_.^_ 

-._— . 

^^_. 

_. 

578 


CD  iD 
^  00 


o 

00 

z 

o 

UJ 

UJ 

o 

1- 

< 

< 

a 

a 

II 

M 
M 

II 

II 

M 

II    (/I 

II    I- 


z 
o 

(/) 

(J 
3  < 

t-  Q 
UJ 

<  lO 
O 

K  -I 
U 

CO 
O 
UJ 
isl 

■    DC 

ct  o 

O  UJ 

I- 
1/1  < 

u 

z 

3 


(N 

O 

•— 

(N 

O 

z 

1- 

cc 

o 

a 

r  a 

I-  O  UJ 

00  -■  x 

O  UJ  U 
(_)  S  i/l 


o 
cr 

UJ  O 
I- 

<  cr 

Q  o 

i/i 

UJ  z 

■D  O 

Q  a 


Q 

UJ 

Z  CE 

O  -I 

--  :2 

t-  o 

O  UJ 

<  (T 


II 

II 
II 
II 
II 

II    (O 
II    00 

II  ^ 

II    00 

II  o 

II  ^ 

II  m 

II  o 

II  — 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 


IX) 
<B 


!0 

o 


in 

o 


(S 


oo 
o 


in 

o 


I  o 

X  Z 

UJ  l-H 

o 

u.  < 

0  a 
Lo  a. 

H  Z3 

<_> 

<  o 
a  z 
s  < 

•—I 

o 

01  Z 
i/l  »-• 
UJ  O 
00  Z 
i/l  < 

<  a 


I 

(J 

z  < 

-I  z 

ui  3 

to  O 

<  -I 
o  ^ 

< 

<  I 

t-  Q. 

<  -I 
Q  < 

0  I 

a  o 

UJ  » 

<  X 

UU  UJ 

1  I 

I-  l~ 


UJ 

I 

I-  K 

<r 

o  o 
a  z 
a  -I 

D  Z 

00    M 

u. 
O  UJ 

I-  a 

00  i/i 
Z  I- 

o  a. 

-  o 

O  u. 
UJ  u. 

cr  UJ 


u  q: 

o  o 

q:  a 

I-  UJ 

00  (r 

00  • 

I-  > 

z  t- 

uj  *-* 

Z  -J 

UJ  t-t 

_i  CO 

UJ  < 

a 

Q  < 

UJ  u 

I- 

<  -J 

a  < 

(J  q: 

UJ  :3 


<  s  • 

i-t  UJ  ^^ 

O  I-  Q 

UJ  1/1  (T 

a  >  < 

CO  1/1  o 

w  CD 

UJ 

I 


3 

UJ 

tr  -• 
o  a  > 

I-  UJ 

CO  >- 
I-         z 

_i  _i  u 

3  UJ  .-I 

oO    >   00 

UJ  UJ  UJ 

a  -I  Q 


u  cr 

00  UI 

^  I 

a  K 

ui  o 

3 

O  Q 

a  z 

z  < 

< 

Z  I- 
1/1 

a  o 

o  u 

_i  ^ 

UJ  UJ 

>  -1 

UJ  3 

Q  Q 


I  I 

I-  <_) 

I-  Z 

3  3 

-) 

Q  Z 

UJ  O 

I-  U 

< 

~  z 

o 

CO  UJ 

CO  O 

<  z 


< 
I 
u 


o 

<    00 

Z  I 


z 
z  o 
o  « 

H-.     > 

h-   < 


00  UJ 

z  o 
o  z 
•->  < 

K   I 

<  u 
Q 
Z  01 

UJ    >-t 

Z  I 

Z  H 

o 

O  O 
UJ  Z 
CE  " 


>  -I 
(/I 

a  UJ 

UJ  q: 

O  I- 

_j  cr 

UJ  o 

>  a 

UI  UJ 

Q  a 


03  3 
O  UJ 

q:  " 
a  > 

UI 

z 
-I  o 
UJ  •-• 
>  00 


Z     • 

UJ  '-^ 

I-  Q 

00  a 
>  < 

CO  O 


1/1  ^  m 


z 

O  I- 

i-i  z 

I-  UJ 

O  Q 

<  •- 


II  < 

II  UJ 

II     I 

II  U  CM 

II  CO     I 

II  -1  — 


< 
> 

I 

o  — 

00     I 
-5  CM 


ffi 
(J 
OO 

< 

o 

< 
a 

u  — 
to   I 


tr 

q:  00 

Q  UJ 
CO  Q 


!-  -O  I- 
<  00  u 
u  —  < 


QC 

UJ 
Z  03 

-  z 

CJ    3 

a  z 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

M 

II 
II 

II 
II 
11 
II 
II 
II 

II 

II 
II 
II 

II 

II 
II 
II 
II 
II 
II 

II  (S 


II  tC 
n 


579 


r^  to 

II 





_^_^ 

— _- _ _ 

1   CD 

II 

II 

II 

^ 

II 

II 

II 

II 

^ 

II 

II 

II 

II 

•— 

II 

II 

II 

II 

■  -^ 

II 

11 

II 

II 

O  00 

II 

u. 

1  II 

II 

II 

z  o 

II 

M 

h-   Z 

1  II 
1  II 

II 
II 

II 
II 

UJ  lU 

II 

CO 

r  a 

1  II 

II 

II 

O  H 

II 

1- 

W  O  UJ 

1  II 

II 

II 

<  < 

II 

o 

01—1 

;  II 

II 

II 

a  Q 

II 

< 

O  UJ  C 

1  II 

II 

II 

II 

a  u  3  l/l 

1  II 

II 

II 

II 

S 

II 

II 

II 

II 

•-H 

II 

II 

II 

II 

II 

II 

II 

-^~  II  ^— 

II 

II 

II 

II 

-■"  II 

II 

II 

o 

1  II 

II 

II 

II 

a 

:  M 

II 

II 

II 

UJ  o 

1  II 

II 

II 

II 

f- 

II   (0 

II   (0 

(0 

II 

II 

<  a 

II   00 

II    CO 

(S 

II 

II 

a  o 

II  ^ 

II  -~ 

^ 

II 

II 

i/i 

II   o 

II  to 

CO 

II 

II 

UJ  z 

II   o 

II  o 

0 

II 

II 

D  O 

II   \ 

II  ^ 

>^ 

II 

II 

Q  a 

II  in 

II  m 

If) 

II 

II 

l(  ' 

00 

II  o 

II  o 

^_  II  ^^ 

0 

II 

II 

II 

II 

^—  II 
II 

II 

II 

II 

-1 

II 

II 

II 

II 

01 

1 

►-I 

II 

II 

II 

II  o 

2 

< 

U  S 

II 

II 

II 

II  z  o  UJ  a 

2 

"V 

»-H 

_j 

s 

II 

II 

II 

II  < 

*-* 

3  2 

•-• 

< 

(T 

< 

UJ 

/'-S 

II 

II 

II 

II 

H 

1/1 

UJ 

UJ 

UJ 

1— « 

H 

Q 

II 

II 

II 

II  (/) 

< 

to 

Z  Q  S  1- 

u 

to 

ct 

II 

(/) 

II 

II 

II    1-  Q 

11 

Z  UJ  u.  Z  UJ 

> 

< 

II 

z 

II 

II 

II   U 

Z 

0  Q 

1 

*-» 

a 

00 

0 

II 

o 

II 

II 

II    4 

UJ  00  U  3  u 

01 

^.^ 

ffi 

II 

1— t 

II 

II 

II  a  s 

*^ 

UJ 

-J 

00 

1- 

II 

bO 

t- 

II 

II 

II   S  S  X  (£  U  :£ 

cr 

UJ 

ffi 

3 

II 

u 

II 

II 

II  >-• 

O  H 

Z 

0  I  U  UJ 

II 

3 

< 

II 

Q 

II 

II 

U 

t- 

t-H 

-1 

a 

)- 

cr 

»-« 

II 

II 

UJ 

II 

II    UJ 

UJ 

UJ 

< 

_i 

UJ 

a 

> 

II 

1- 

a 

II 

z  a. 

II 

II  X  a 

> 

X  UJ 

< 

(X  0 

UJ 

II 

UJ 

II 

o  — 

II 

II  1- 

-I 

1- 

a 

a 

1- 

•~t 

(T 

II 

< 

l/l 

II 

-  D 

II 

II 

UJ 

0 

< 

UJ 

!_, 

II 

O 

II 

1-  a 

II 

II    1/1  Q  00 

UJ 

> 

3 

01 

z 

II 

K 

_i 

II 

U  UJ 

II 

II     01 

I-* 

UJ 

a 

to 

0 

UJ 

z> 

-I 

0 

II 

(_) 

II 

<  a 

II 

II    UJ 

> 

q: 

D 

z 

i_i 

1- 

tu 

^H 

II 

l/l 

II 

II 

11  01  O 

CO  0  UJ 

> 

< 

> 

00 

II 

a 

II 

II 

II     01 

a  o 

2 

t^ 

I 

UJ 

1- 

UJ 

UJ 

II 

UJ 
M 

II 
II  - 

II 

II  < 

a. 

h- 

UJ 

t- 

1- 

cr 

00 

-I 

a 

II 

-• 

q: 

II 
II 

II 
II 

II 
II 

—  II 
II 
II 

a 

o 
o 

II 
II 

II 

II 

11 
II 

II 
II 

Q 

UJ 

1- 

II 

II 

z 

II 

II 

II 
II 

II 
II 

yi 

< 

z 

Z) 

II 
II 
II 
II 
II 
II 
II  - 

O  1- 

>-  z 

1-   UJ 

u  a 

<  « 

1  JSC-VA 

II    UJ 
II     01 

11    1 
II   U 

II     01 

II   ^ 

^  It  -^' 

1 

< 

JSC-VA 
1-2 

A 

II 
II 
II 
11 
II 
II 

II 

II 

II 

^  II 
II 

II 

II 

II    UJ 

II 

11 

II 

II  -1 

II 

II 

II 

II  -1 

II 

11 

II 

II  O 

II 

II 

II 

II    (T 

II 

II 

z 

II 

II  ^- 

II 

II 

o 

II 

II   z 

II 

II 

t— t 

II 

11  o 

II 

II 

1- 

II 

II   u 

II 

II 

a 

II 

II 

II 

II 

1— • 

II 

II   Q 

II 

II 

q: 

II 

11   z 

II 

II 

—  o 

II 

II    < 

00 

II 

II 

a  01 

II 

M     I 

< 

II 

II 

O  UJ 

II 

II 

•^ 

II 

II 

01  Q 

II 

11     00 

0 

II 

II 

II 

II   S 

II 

M 

11  -~ 

M 

II  q: 

x 

II 

IS 

1 

II 
II 

K  ./I  1- 
<   U)  U 

M 
II 

II 
II 

—  11 
II 
fl 

O 

M 
II   - 

'_)  —   < 

II 

II 

II 

II 

II 

II 

—  II 
II 

(N 

II 

II 
II 

II 

II 
II 

II 
II 

II 

II 
II 
II 

O 

II 

II 

II 

II 

2 

II 
II 

UJ 

II 

II    CO 

II 

II   0) 

II 
II 

1— 

II 

Z  CD 

II    T 

II    T 

II 

j: 

II 

-  s 

M    O 

II   o 

II 

O 

II 

u  n 

II  a 

II  o 

II 

a 

II 

a  2 

II   to 

II   iO 

II 

OJ 

II 

II 

II 

II 

a: 











— 



— 

— - 

— 

— 

— 

— 





580 


CO  <o 

T  to 


o  to 

z  o 

LU  UJ 

C3  I- 

<  < 

a  o 


CO 

r 
o 

O 
D  < 


O 


Q 
liJ 
tsl 
t—t  *— * 
IZ 

cr  o 
o 

O   LU 

t- 

1/1  < 

<-) 

z 

3 


CI 

O 


O 

z 


o 
a 


II 

(1 

It 
II 

II 

II 

M 

II 

11 

II 

II 

UJ 

II 

II 

_i 

II 

II 

1- 

3 

II 

II 

LTl 

X 

o 

II 

II 

1- 

1-  o 

UJ 

II 

II 

U 

ly>  1-1 

X 

II 

II 

< 

O  Hi 

<J 

II 

II 

Q. 

O  S  </) 

II 

II 

s 

II 

II 

t— 1 

II 

II 
II 
II 

— 

11 

II 
II 

II 

o 

II 

II 

a: 

11 

II 

UJ  O 

II 

M 

1- 

11 

ta 

(0 

1   «3 

CO 

II 

< 

a. 

11 

(S 

03 

1    CO 

ca 

II 

Q 

o 

II 

^ 

< 

^ 

<            1 

1    ^ 

< 

-^  < 

II 

i/i 

11 

a>  Q 

O)  Q               1 

1  CD  a 

00  a 

II 

UJ 

z 

II 

o 

1 

O 

t             1 

1  o 

1 

O    1 

II 

3 

o 

II 

^ 

o 

^ 

U                 1 

1  ^ 

U 

^  u 

II 

Q 

0. 

II 

in 

(/) 

in  00           1 

1  in 

I/I 

UO  00 

II 
II 
II 

(/) 

II 
II 

11 

o 

-> 

o 

-)           1 

1  o 

-> 

o  -> 

II 

11 

_l 

_J 

II 

II 

to 

1 

»-l 

Z 

1    1 

o 

1 

»-• 

z 

II 

II 

Q 

z 

< 

u 

1  o 

K 

< 

tj 

t-4 

II 

II 

z 

o  UJ  a 

z 

^ 

cr 

_i 

z 

1  q: 

o 

Z 

^ 

oc 

-1  Z 

II 

11 

< 

*-* 

3 

Z 

l-l 

< 

Ol 

< 

UJ 

-— s 

1  a. 

00 

z 

»— 1 

< 

UJ 

< 

UJ 

^^ 

II 

11 

K 

\A 

UJ 

UJ 

1- 

1- 

Q 

z 

UJ 

Ul 

1- 

•-« 

t- 

a 

II 

II 

</i<t/i202zoto(r 

1   Q  O  UJ  Z  Q  Z 

z 

u 

00 

cc 

II 

II 

H 

O 

t— ! 

Z  UJ  u. 

»-• 

Ul 

> 

< 

1  z 

l-H 

D  Z  UJ 

u. 

H^ 

UJ 

> 

< 

II 

11 

u  z 

O  Q 

a 

OO  O 

1  < 

1- 

l/l  O  Q 

a.  00  o 

II 

II 

< 

UJ  (/I  U  3  U  1- 

00 

^-/ 

m 

< 

1/1 

o 

3  U  K 

00 

--^ 

<a 

II 

II 

a. 

z 

l-» 

UJ 

-J  1/1  a 

1    00  Q 

►-• 

UJ 

-1 

ul 

cr 

11 

II 

2 

z 

X  cr  u  :i£  o  UJ  m 

2 

1  1- 

z 

cr 

(_) 

>r  o  UJ  m  3 

II 

II 

O  K 

z 

a 

I 

o 

UJ 

1  o 

UJ 

00 

z 

a 

X  U  UJ 

II 

o 

II 

CJ 

K 

1— » 

-1 

UJ 

K 

a. 

i-i 

1  < 

z 

t-* 

1- 

»-< 

_i 

UJ 

I- 

QC 

»-» 

II 

UJ 

II 

HI 

UJ 

UJ 

< 

-J 

cr 

a 

> 

1  a 

z 

X 

< 

-I 

cr 

a 

> 

II 

Z 

cc 

II 

I  ct  > 

I 

UJ  < 

o 

UJ 

1  Z 

o 

1- 

X  Ul 

< 

o 

UJ 

II 

o 

II 

1- 

_j 

1- 

a. 

a. 

1- 

»-( 

cc 

1  •-• 

u 

t- 

cr 

oc 

K 

t-< 

cr 

II 

1-4 

D 

II 

UJ  O 

< 

UJ 

t-H 

UJ 

UJ 

< 

UJ 

I-* 

II 

1- 

O 

II 

i/l  o 

on 

tu 

> 

3 

00 

z 

1  i/i 

a 

> 

UJ 

> 

3 

00 

z 

II 

u 

UJ 

II 

1/1 

»-» 

UJ  cr  1/1  o 

UJ 

u 

-1  o 

1  t/i 

_i 

oc 

00 

O  UJ 

Z) 

-1  o 

II 

< 

cc 

M 

UJ 

> 

cr 

3 

z 

1— 1 

t- 

UJ 

HH 

1    UJ 

UJ  o 

n 

z 

t— 1 

K 

Ul 

»-• 

II 

11 

00  O 

00  o  UJ 

> 

< 

> 

1/1 

1  00 

o 

00 

CO 

O  UJ 

> 

< 

> 

t/i 

II 

II 

i/i  a  o 

z 

H-t 

X  UJ  K 

UJ 

UJ 

1   oo 

*-4 

UJ 

Z 

»-l 

X 

UJ 

1- 

UJ 

UJ 

II 
II 
II 

II 
II 
II 

< 

a. 

K 

UJ 

1— 

H 

cr 

00 

-J 

a 

1   < 

> 

cr 

UJ 

1- 

1- 

cr 

oo 

_l 

Q 

II 

II 

II 

II 

II 

II 

II 

II 

11 

z 

II 

II 

o 

1- 

11 

UJ 

< 

< 

< 

1    UJ 

< 

<      < 

II 

z 

II 

i/i 

> 

1   ol 

> 

II 

1- 

UJ 

II 

1 

1 

1     1 

1 

II 

(_1 

O 

II 

o 

— 

o 

(N 

1  u 

— 

U   CM 

II 

< 

11 

1/1 

1 

l/l 

1                  t 

1  1/1 

1 

00     1 

II 
II 
II 

11 
II 
11 

■^ 

— 

-1 

— 

1  :£ 

— 

-5  — 

II 

II 

UJ 

u 

II 

II 

-1 

1  t- 

II 

II 

-1 

1  u 

X 

II 

II 

o 

1     UJ 

CJ 

11 

II 

a. 

1  cr 

1- 

II 

z 

II 

h- 

1  ■— • 

»-• 

II 

o 

II 

z 

1    Q 

2 

1- 

II 

II 

o 

.. 

1    ^ 

00 

CE 

II 

K 

II 

u 

1    UJ 

o 

II 

a 

II 

1   -1 

1 

I 

II 

i-« 

II 

Q 

1   O 

^^ 

00 

II 

q: 

II 

z 

+ 

II 

h-« 

u 

II 

< 

iA 

1   •-• 

K 

II 

a. 

i/i 

II 

I 

< 

1   oo 

UJ 

iJ 

II 

Q 

UJ 

II 

—1 

> 

< 

II 

1/1 

Q 

II 

l/l 

CD 

1     'VI 

*~i 

h— 

II 

II 

z 

1   2 

cc 

Z 

II 
II 
11 

II 
11 
11 

q: 

cr 

1  cr 

a 

O 

K  1/1 

1- 

II 

<  1/1 

<_) 

II 

II 
11 
It 

o  — 

< 

II 
II 
11 

It 

II 

II 

II 

II 

II 

II 

II 

II 

a 

II 

II 

Ol 

II 

o 

1  ^ 

II 

Z 

05 

II 

in 

1  in 

II 

•— I 

s 

'1 

o 

1  o 

II 

U 

3 

II 

o 

1  o 

II 

II 

a. 

Z 

II 
II 

<Si 

1    iD 

581 


01  ID 
<T  CD 


O  CD 

2  O 

uj  ai 
cj  I- 
<  < 
a  Q 


II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

n 

II 

II 

II 

II 

II 

II 

M 

II 

II 

II 

II 

II  ' 

II 

II 

II 

II 

II 

II 

II 

II 

in  II 


1/5 


UJ 

_l 

r  Q 

I-  I-  (J  111 

<  O  Ui  u 

a  u  s  (/> 


o 

cr 

UJ  o 

I- 

<  <r 

Q  o 

t/1 

UJ  Z 
3  O 

Q  a. 
l/l 


II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II   II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II   (O 

II  II  a 

II  II  ^  < 

II  II  a>  UJ 

II  II  —  I 

II  II  ^  o 

II  II  IT)  CO 

II  II  o  -J 

II  II 


z 
o 

(/I 

r> 

I-  Q 


II 

II 

II 

I-  II 

U  II 

<  II 
II 
II 

UJ  II 

:  lo  II 
O  II 
-I  II 

U  II 

I  II 
O  II 

UJ  II 
IM  II  - 
■-•  II 

cr  II 

O  II 
O   II 

UJ  II 

»-  11 
4  II 
U  II 
Z  II 
3  II 

II 

II 

II  - 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II  — 


CM 
O 


o 

z 


Q 

UJ 
Z  (T 

O  -. 

—  a 
K  o 

U   UJ 
<  (T 


z 

O  K 
-i  z 

K  UJ 
O  Q 

<  -t 


II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 
II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  It 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 

II  II 


I 

z  < 


z 
o 


I-  o 
UJ  z 

Q  •-• 
O 

<  -I 


O 

UJ  z 

_l  >-i  u  cc 
3  h-  UJ 

a  z 

UJ  UJ 

X  z 

U  UJ 

l/>  -J 
^  a 
I-  Z 

lO  i-i 

o 

u  u. 
o 
(/) 

lO  I/) 
UJ  I- 
V)  o 
1/1  < 
<  a 


O 


1/1  l-H 

3 

O  • 

o  z 

cr  UJ 

<  I- 

<  > 
r  i/i 


I 

< 

Z  •-. 
>-<  Q  -i 
V)  Z  -i 
Z  «  <     • 

UJ      cr  z 

CO  O  UJ  UJ 

z  >  I- 

cr  i-i  o  00 
o  I-       > 

U.  H  UJ  UO 

"  I 

t/1  Z  I-  U 

1-01  z 

z  z  o  -■ 

UJ  <  I-  cr 

s  oc  o 

UJ   I-  CO  I- 

(T       z » 

'-  Q  O  Z 

3  Z  —  O 

O  <  I-  z 


UJ  CD  3 
X   U  UJ 

I-  cr  >-■ 
a  > 

O       UJ 
I-  >-i  tr 

»-* 
l/l  z 
I-  _J  13 
-J  UJ  •-> 
3  >  00 
1/1  UJ  UJ 
UJ  _i  O 

a 

-J  z     • 

(-  <  UJ  ^ 

OC  •-  t-   Q 

O  u  00  cr 

a  UJ  >  < 

UJ  a  </)  o 

cr  l/l  -w  03 


CO 
^  UJ 

CJl  < 

^  u 
in  l/l 
o  -) 


UJ 
01 

I 

tj  — 
CO   I 

2£  CO 


z  <  z 

-■      o 

O  •-"  00 
UJ  Z  I-  _l 
_!>-•<_>> 
3  f-  UJ 

a  z 

UJ  UJ  UJ 

X  z  o 

U  UJ 
01   _l  00 

^  a  < 

I-  z  o 

01  ►-. 

0  01  K 
(-)  u.  3  < 

O  O 

01  OS 

01  CO  cr  UJ 

UJ  K  <  I- 
01  U  ISJ  01 
01    <    <    > 

<  a  X  CO 


01    I    o 
I-  CO  K 

z  z 

UJ   <  CO 

Z  cr  z 
UJ  t-  o 

cr      >- 

«   Q   K 
3  Z  < 

o  <(  u 

UJ         <- 

a.  o  a 
z  z 

O  -I  « 
Z  00 

—  z  o 

Q  UJ  Z 
3  01  •-. 

-1        1- 

cj  cr  I- 
z  o  - 

>-■  u.  Z 


00 
CJ  I- 
Z  -I 
i->  3 

cr  00 

O  UJ 

K  a 

•14 

Z  I- 
O  (T 

z  o 
a 

-I  UJ 

-I  cr 

< 
cr 

UJ      ■ 

>  z 

O  UJ 

UJ  01 
X  > 
I-  00 


_l  00 
UJ 
-J  Q 
< 

"  Z 
(_)  UJ 
UJ 

a  01  _ 
CO  >  aj 

00 

UJ  w  J 

X  UJ 
I-  03  « 
u  > 
O  cr  UJ 
I-  a  cr 


Q 
I  a: 

< 
i  o 


a  n 
■-•  II 
a:  II 

•-  U    PI 

cr  01  II 

Q    UJ     M 

01  C    II 

II 
II 
II 


II 

II  t- 

II  UJ 

II 

II  Z 

II  o 

II  cr 

II  u. 
II 

II  UJ 

II  (J 


I-  01  >-  II 

<   1/1  O    II 

'■-i  <-<  <   II 

II 

II 

M 

II 

II 

II 

<Z    II 

UJ    II 

Z  OD    II 

-  Z    11 

iJ  3    II 

a  z  II 


II  < 
II  s: 
II  < 

II    UJ 

II  -I 

II 

II    (M 

II   X 

II  — 

II 

II 

II 

II  — 

II 

II 

II 

II 

II 

II 

II  ro 

II  in 

M     O 

II  o 
II    lO 


z  t- 
a:  -I 

O  u. 

o  CC 
z  o 

(X 

3  Q 
Q  Z 

o 

Z  ^ 

3  Q 
< 

O  O 

CC   _l 

o 

-V  Q 


I-  Q 

UJ    Z 

s  o 
o 

u.  2 

tr 

Q 


CO 

in 
o 
o 

CO 


582 


O  <S) 
in  CO 


o 

CD 

3 

o 

UJ 

UJ 

O 

1- 

< 

< 

a 

Q 

1/1 

z 
o 

U 
3  < 


<  CO 
O 


o 

UJ 

Nl 

a. 
a.  o 

o 

O  UJ 

1/1   < 
U 

z 


o 


o 
z 


a: 

o 
a. 


II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Ui 

II 

II 

_i 

II 

II 

K 

3 

II 

II 

1/1 

X  Q 

II 

II 

1- 

1- 

O  UJ 

II 

II 

u 

•/) 

t^ 

X 

II 

II 

< 

O  UJ 

O 

II 

II 

a  o  s 

1/1 

II 

II 

s 

II 

II 

II 

M 
II 
II 

II 
II 
II 

II 

o 

II 

II 

QC 

II 

II 

UJ 

O 

II 

II 

1- 

II 

>S) 

1  to 

II 

< 

a 

II 

ca 

1  oo 

II 

Q  O 

II 

^* 

UJ 

1   ^v 

UJ 

II 

(/I 

II 

01  < 

1    M 

< 

II 

UJ 

z 

II 

^- 

1                1 

1    fsi 

1 

11 

Z)  o 

II 

^ 

L3                 1 

1    ^ 

u 

II 

Q  a 

II 

in 

1/1                 1 

1  in 

1/1 

II 
II 
II 

</i 

II 
II 
II 

o 

->                 1 

1  o 

-1 

II 

II 

O 

z 

II 

II 

O 

1- 

1 

o 

II 

11 

1  z 

o 

-1          _l 

II 

II 

*^ 

z 

q: 

1-  tr  1-  <  s    • 

II 

II 

1  o 

o  a 

<  UJ  a  "-  UJ  '— 

II 

II 

1  3 

K  -J  O  U  1-  □ 

II 

II 

1  -1 

UJ 

1- 

o 

z  -1  a  UJ  I/O  cr 

II 

II 

1  o 

3  U  1- 

UJ  o  UJ  a.  >  < 

II 

II 

1  z 

00 

UJ 

S  CE  (T  1/1  1/1  o 

II 

II 

1    H4 

1/1 

(T 

IX 

UJ  1-          w  dj 

II 

II 

l-H 

t-4 

o 

_l  Z     ■  UJ 

II 

II 

1       • 

Q 

1- 

a  o  1/1  X  m  s 

II 

II 

1  z 

o 

o 

5  U  Z  1-  O  UJ 

II 

o 

II 

1  < 

z 

UJ 

< 

«      o      a  " 

II 

UJ 

II 

1  -I 

< 

1- 

a 

3  ►-  o  a  > 

II 

z 

K 

II 

1  a 

< 

>- 

r   Q.   K  K          UJ 

II 

o 

k-i 

II 

- 

t~* 

z 

1-   <   <         •-  (T 

II 

►-» 

3 

II 

1  a 

1/1 

a 

o 

>-      (_)  i/i  "-• 

II 

1- 

O 

II 

1    O  K 

Q. 

u 

S  UJ  •-•  1-        z 

II 

o 

UJ 

II 

t  _i 

o  o 

X  u.  _l  _l  O 

II 

< 

(X 

II 

1    UJ 

< 

OL 

a. 

Q  1-   «  3  UJ  i-H 

II 

II 

1  > 

a 

a. 

3 

UJ          Q  1/1   >  t/1 

II 

II 

1    UJ 

z 

a. 

o 

UJ  u.  O  UJ  UJ  UJ 

II 
II 
II 

II 
II 
II 

1   Q 

< 

> 

u  O  S  q:  -1  Q 

II 

II 

II 

II 

II 

II 

II 

II 

(/) 

II 

z 

II 

_i 

II 

O  K 

II 

> 

< 

< 

< 

II 

'1 

1- 

z 

UJ 

II 
II 

1 

> 

1 

II 

(_> 

o 

II 

< 

(N                 1 

u 

•— 

H 

< 

»-< 

II 

ijn 

1                   1 

t/1 

1 

II 
II 
II 

II 
II 
II 

3 

'-                 1 

-) 

— 

II 

II 

*-i 

II 

II 

m 

II 

II 

: 

II 

II 

II 

II 

cr 

II 

z 

II 

UJ 

II 

o 

II 

_: 

II 

It 

1  _i 

II 

1- 

H 

1   O  l/l 

II 
II 

Q. 

II 
II 

\'a. 

1  1- 

a. 

o 

II 

a 

II 

1   z 

ct 

II 

,—, 

u 

II 

1  o  ct 

II 

tr 

i/i 

II 

1   u 

UJ 

II 

Q 

UJ 

II 

II 

Ul 

O 

II 

1  3 

; 

II 

II 

1  a 

UJ 

II 
II 
II 

II 
II 

1  < 

1- 

1- 

uO 

1- 

tl 

< 

1/1 

u 

II 

II 
II 
II 

■_) 

" 

< 

II 

[1 

II 

II 

II 

II 

II 

II 

^• 

II 

II 

a: 

II 

(T 

II 

II 

z 

UJ 
ID 

II 
II 

in 

1  n 

1  la 

H 

*— 

s 

II 

o 

1  o 

11 

Z) 

z 

II 
II 
II 

o 

CD 

1   o 
1    U3 

583 


-  (0 
It)  o 

II 

■"" 

~  — 

— 

II 

— 

'^~" 

■~~ 

"~" 



._ 





II 

•~~- 



"«> 

II 

II 

II 

w— 

II 

II 

II 

•— 

II 

II 

II 

•    -Nv 

II 

II 

II 

O  CO 

II 

UJ 

II 

II 

z  o 

II 

II 

H 

-I 
3 

II 
II 

II 
II 

UJ  lU 

II 

LO 

X  Q 

II 

II 

o  t- 

II 

1- 

1- 

.  o  UJ 

II 

II 

<  < 

II 

o 

(/)  « 

X 

II 

II 

a  a 

II 
II 

<  O  UJ  u 

a  u  2  (/) 

II 
II 

II 
•1 

II 

z 

II 

II 

II 

•-* 

II 

II 

II 
II 
II 

II 

II  ^^ 

II 

II 

II 

II 

O 

II 

II 

II 

K 

II 

II 

II 

UJ  O 

II 

II 

II 

1- 

II  <a 

II  (0 

II 

< 

ce. 

II   00 

II   CO 

II 

Q  O 

II  ^ 

UJ 

II  >v 

UJ 

II 

(/I 

II    IN 

< 

II    fM 

< 

II 

UJ 

z 

II    (N 

1 

II    CM 

1 

II 

3  O 

II  ^ 

(J 

II    -v 

o 

II 

o  a. 

II  in 

1/1 

II    U1  01 

II 
1) 

1/1 

II  o 

II  ^-*- 

-) 

II    O 

-1 

II 

II 

II 

II 

II 

1 

cr 

^ 

1 

H 

II 

o 

II 

II 

1-4 

Z  O 

o 

>  o  cr 

II 

1- 

II 

II 

• 

1 

o  < 

-1 

z 

•— 1 

1-  o 

_l 

II 

II 

II 

to 

< 

1-4 

z 

z 

< 

< 

> 

(3 

a 

< 

II 

UJ  u 

II 

II 

a. 

z 

Q 

</)  O  O  O  K 

t- 

> 

• 

> 

UJ 

»-« 

y^ 

II    UJ 

1- 

I-H 

II 

II 

UJ 

a 

Z 

J 

< 

z 

H4 

I-* 

z 

o 

f^ 

1-  Q 

h- 

q:  u  CO 

11    t- 

< 

t- 

II 

II 

K 

UJ 

UJ 

< 

UJ 

•■H 

H 

1- 

UJ 

z 

-1 

i-t 

UJ 

t-4 

UJ 

a 

II    < 

01       • 

1/) 

II 

II  o 

\ri 

UZZU.I-U(JZ 

»-4 

HN 

-1 

a. 

a. 

. 

a 

Q 

II  Q  ce  o  1- 

z 

II 

II  1- 

3  Z  I  O 

Z  UJ  UJ 

UJ 

1- 

OO 

>-* 

UJ  O  01 

01 

01 

11  a 

Q.  Z  X 

o 

II 

II 

a. 

o  o 

HH 

UJ 

UJ 

H 

1- 

a 

t/1 

< 

CD  O 

HH 

UJ 

<_/ 

II  3  o  o  o 

t-H 

II 

II  ZXuuh-XZuiuJuuJh- 

< 

»-• 

a: 

Z 

UJ 

II 

cc 

<  •-• 

(/I 

1- 

II 

II  < 

K 

UJ 

1-^ 

H 

UJ  Q  O 

z 

1— 

01 

a 

01 

a 

l-H 

X  CD 

II  o  a 

I-H    _l 

<J 

II 

II  -1 

z 

cr 

a 

-J 

*-i 

Z 

< 

Z 

O 

K 

u 

II  1- 

a  a  u. 

o 

< 

II 

o 

II  a 

1/1  O 

Q  Q  a  >  I 

o 

t-H 

u  o 

1- 

z 

q: 

II 

< 

II 

UJ 

II 

(_) 

•-H 

UJ 

< 

Z  5  t-  O  Z  1- 

u 

01 

UJ  O  Q. 

II  z 

CM   > 

t- 

Q 

II 

z 

a. 

II  < 

a. 

1- 

Q 

< 

»-* 

»-« 

D 

< 

o  z 

UJ 

K 

II  u  1/1  z  cc 

UJ 

M 

o 

i-i 

II 

< 

3 

z 

-1  o 

I  Z  O  UJ  X  UJ 

•-« 

II    C£ 

< 

UJ 

< 

1/1 

II 

*-« 

3 

II  a 

UJ 

_I 

-1 

o  o  u. 

l-t 

a 

u 

•»« 

*-i 

ID  O 

i/l 

01 

•-4 

II 

Z  > 

O 

II 

1- 

O 

II  o 

> 

-1 

o 

z 

o  m 

X 

z 

< 

o 

1- 

•-t 

3 

1- 

II  1- 

• 

a.  UJ 

1- 

_l 

II 

l_) 

UJ 

II  _i 

_i 

< 

Z  l/l 

•-H 

< 

1- 

UJ  O  Q  O 

-1 

X 

1 

_l 

_i 

II  >-< 

Q  O 

u 

II 

< 

q: 

II    UJ 

O  1- 

NH 

Z  1- 

> 

1- 

z 

1- 

cr 

< 

UJ 

_l 

I 

3 

UJ 

II  z 

01 

U.  1- 

1/) 

II 

II  > 

01 

01 

o 

01 

1- 

l/l 

CE 

i/l 

a. 

K 

< 

o 

O 

01 

> 

11    (Q 

a 

cr  1/1 

Q 

II 

II     UJ 

UJ 

z 

o 

f^ 

UJ 

»-• 

z 

3 

> 

a  o  UJ  X 

z 

UJ 

UJ 

II    3 

z 

UJ  UJ 

UJ 

II 
II   ■ 

II  a 
II  ^~- 

a. 

1^ 

1- 

1- 

(- 

-1 

•- 

m  01 

< 

IT 

o 

1/1 

I 

a: 

_l 

11    I/) 

o  a  K 

" 

tx. 

II 
II 

II 
II 

—  11  •^~ 
11 
11 

(T 

o 

M 
II 

II 
II 

II 
II 

O  UJ 

II 

II 

II 

K 

II 

z 

II 

II 

1/1 

< 

M 

O  H 

II  < 

< 

II    < 

< 

(_) 

II 

*-* 

z 

11  > 

II    > 

z 

II 

1- 

UJ 

II    1 

11     1 

3 

II 

U  Q 

II  o 

r- 

11    U 

r~ 

II 

< 

*-i 

II  1/1 

1 

II    (/I 

1 

II 
II  ' 

II  -) 

II  '— 

•~ 

II    -5 
■•   11  

(M 

II 

II 

II 

II 

II  i-< 

q: 

II 

UJ 

II 

II  m 

< 

11    1- 

3 

II 

II  < 

s 

11    Z 

u. 

II 

II  \- 

t-4 

11    < 

II 

M    l/l 

(T 

II    1- 

Z 

II 

z 

II    Z 

CL 

II   u 

ll 

o 

II    — 

II  < 

I 

II 

'-' 

II 

1/1 

1/1 

11    UJ 

1- 

II 

K 

II   z 

U 

q: 

11  q: 

t-4 

II 

a 

II  o 

tr 

UJ 

II 

2 

II 

*-« 

II  I-i 

1- 

II  _i 

II 

a 

II  1- 

u. 

01 

II    4 

UJ 

1/1 

II 

»-« 

<_i 

II   yi 

o 

O 

II    Z 

O 

-I 

II 

ac 

01 

II   w 

a 

II  a. 

< 

-1 

II 
II 

o 
i/i 

UJ 

a 

II    QD 
II   S 

> 
1- 

I 
1- 

II    UJ 

11  i- 

■X. 

< 

UJ 

o 

II 

II  O 

»-« 

II   z 

UJ 

II 

11  - 

11   u 

_l 

> 

II  ■— 
~  II  -^— 

_l 

_l 

CD 

1 

II 
II 

< 

1/1 

U 

11 
II 

II 
11 

CM 

11 

(J 

•-* 

< 

11 

II 

o 

II   - 

II 

II  -^*' 

II 

—  11  — -■ 
II 

CM 

II 

II 
II 

II 

II 

II 
II 
II 

o 

11 

II 

11 

z 

II 
II 

UJ 

II 
11  (J) 

II 

II    M 

h- 

II 

z 

o 

11  la 

II  r«- 

cc 

II 

*^ 

s 

II  o 

11   o 

o 

II 

o 

3 

II  o 

II  o 

a 

11 

a 

Z 

11   to 

II   (0 

UJ 

II 

1 

II 

2: 





~~ 

—— 

— 





. 

, 

^^ 

_^ 

^^ 







_^, 

^_  , 

_^^ 

^^_ 

^^ 

_^, 



_^,^ 

—  —^.•^ 

584 


INI    (D 
If)  CO 


O  CB 

Z  O 

UJ  UJ 

o  I- 

<  < 

Q.  Q 


Z 

o 

1/1  1- 
u 

3  < 

I-  Q 
UJ 

<  CO 
O 

I-  _l 

u 

Q 
UJ 
isl 

q: 
tr  o 

o 
a  UJ 

I- 

1/1  < 

u 

z 
3 


a 


o 
z 


a 
jj 


II 

11 

11 

II 

II 

11 

II 

II 

11 

II 

II 

11 

II 

II 

M 

II 

UJ 

11 

II 

11 

-I 

11 

M 

II 

1- 

■D 

11 

11 

II 

00 

I 

Q 

11 

II 

II 

1- 

K 

O  UJ 

11 

II 

II 

u 

LO 

»-l 

r 

II 

II 

II 

< 

o 

UJ 

o 

II 

n 

II 

a. 

o 

3 

00 

II 

II 

II 

s 

II 

II 

II 

^H 

11 

11 

II 
II 
II 

11 
11 
II 

11 

II 

II 

O 

II 

II 

II 

oc 

II 

II 

II 

UJ 

o 

II 

II 

11 

1- 

II 

(O 

1   lO 

1   (0 

II 

(O 

11 

< 

K 

II 

m 

1    (D 

1    (S 

II 

CO 

11 

Q  O 

II 

^ 

UJ 

1     >v 

UJ 

1  "^ 

< 

II 

^ 

UJ 

II 

00 

II 

(SI 

< 

1    •» 

< 

1  -— 

UJ 

11 

(SI 

< 

II 

UJ 

z 

II 

(SI 

1 

1    ^■ 

1 

1  o 

1 

11 

o 

1 

II 

D  O 

11 

^ 

u 

1    >** 

o 

1  '^ 

u 

11 

^ 

CJ 

II 

Q 

a 

11 

U) 

00 

1  r^ 

I/) 

1  in  00 

11 

CO  00 

II 
11 
11 

00 

11 
11 
11 

O 

-> 

1  o 

-) 

1  o 

-> 

11 
■^  11 

o 

-> 

11 

II 

II 

1    UJ 

II 

UJ 

II 

II 

1/1 

00 

i-i 

1  _) 

z 

1  z 

II 

UJ 

II 

II 

00 

1- 

1^ 

I    •—• 

O  UJ 

1  »-• 

II 

O             _l 

II 

II 

UJ 

_i 

u. 

HH 

cr 

O 

II 

Z             <  2     • 

II 

II 

00 

z 

Z) 

-1 

1- 

t-H 

z 

1    lO 

II 

3  oo  h-  «  UJ  -^ 

II 

II 

1/1 

o 

UJ 

oo 

UJ 

z 

1  ^ 

< 

3 

1  o 

II 

o 

CD  HI  a  cj  1-  Q 

II 

II 

< 

u 

UJ 

>  t3 

1   ■:£. 

-1 

o 

1  o 

II 

1- 

UJ 

o  UJ  00  cr 

11 

II 

I/) 

z  a  UJ 

>-* 

1   S 

_l  01  Z 

1  (_) 

II 

> 

(J  H  a  a  >  < 

II 

II 

a 

UJ 

< 

-1 

00 

< 

u 

^H 

1    UJ 

• 

II 

^ 

l-« 

Z  •-'  UJ  00  1/1  o 

11 

11 

Z  Q  2  H 

UJ 

00 

1- 

3  z 

1  -> 

3 

II 

oo 

1- 

«       q:      w  (d 

II 

II 

< 

UJ 

a. 

(X 

_l  Q 

• 

1  cr 

00 

H^ 

o 

1  « 

UJ 

II 

< 

»-* 

OH         UJ 

II 

II 

cr 

o  o 

< 

/-N 

1  < 

z 

o  < 

z 

K-» 

II 

1-  00  O  <     •  I  OD  3 

11 

II 

r 

u. 

a 

»^ 

2  O         1 

1   IS 

>-« 

UJ  H- 

»-* 

1    *-* 

> 

11 

o 

•-1  I  t-   K   U  UJ 

II 

Q 

II 

< 

a 

cr 

UJ 

O 

UJ 

IT          1 

»-i 

Z 

cr 

1   x 

UJ 

II 

UJ 

a. 

a  1-  UJ      cr  t-i 

tl 

UJ 

II 

-I 

o 

UJ 

q: 

UJ 

1- 

<          1 

1    UJ 

1- 

U.  O 

i_t 

1  Q  cr 

11 

1- 

oi  o  Q.  > 

II 

z  ex. 

11 

a 

u. 

a. 

Q.  I/)  O           1 

;  X  u 

H-« 

u 

3 

1  i/i 

11 

4 

UJ 

U.  UJ         1-         UJ 

II 

o 

(-1 

II 

00 

> 

ffi          1 

1  t- 

UJ 

Q 

< 

II 

»-• 

z 

O  cr  >       —  a 

II 

Z! 

II 

a 

00 

_j 

or 

00 

-I 

O  00 

S 

1    UJ 

UJ 

II 

1- 

*-• 

:3  _)  oo  >-i 

11 

1- 

o 

11 

O  1- 

-1 

O  UJ 

^^ 

2 

1    UJ 

u. 

Z  00  UJ 

1   Q 

s 

II 

1— 1 

s 

Q  00  a  K        z 

II 

u 

UJ 

11 

_i 

o 

UJ 

1- 

X 

UJ             1 

1    K 

UJ 

UJ 

X 

1    3 

u. 

11 

Z 

a 

O  Z  UJ  _i  _i  (J 

II 

< 

tr 

II 

UJ 

< 

(_) 

■— 1 

H- 

m 

l-H 

1    < 

q: 

< 

z 

u 

1    -I 

•^ 

11 

*-* 

UJ 

I  UJ  a  z!  UJ  — 

II 

11 

> 

a 

z 

<_) 

> 

1    Q 

a 

> 

1    U 

_l 

11 

1 

1- 

(-        o  i/l  >  00 

11 

II 

UJ 

s 

u. 

o  o  cr 

UJ 

1    0. 

o 

u. 

< 

< 

1    Z 

l-H 

If 

UJ 

UJ 

UJ  o  cr  UJ  UJ  UJ 

11 
II 
II 

II 
II 
II 

Q 

O  5 

1- 

a 

ir       1 

1    D 

K 

O 

I 

cr 

« 

u 

II 
ij 

cr 

Q 

s  i-a  (T  -1  a 

II 

II 

II 

II 

11 

11 

II 

11 

11 

II 

11 

11 

CO 

1    S 

II 

11 

z 

11 

— 

1    ^ 

II 

11 

o 

1— 

II 

< 

< 

S 

< 

1    < 

< 

II 

< 

< 

11 

z 

II 

UJ 

o 

1  o 

11 

> 

11 

1- 

UJ 

II 

1 

1 

1      1 

11 

1 

11 

u 

Q 

II 

!_> 

.— 

u 

*— 

1  (_) 

^ 

11 

u 

— 

11 

< 

t— t 

II 

00 

1 

oo 

1 

1  oo 

1 

11 

00 

1 

II 
II 
II 

— 

11 
11 
II 

—> 

n 

— 

I 

-> 

(^ 

1   —> 

•~ 

11 
II 

-) 

•~ 

II 

II 

II 

u. 

1   < 

II 

CO 

II 

II 

1     UJ 

> 

II 

II 

II 

00 

1   _l 

1_) 

II 

a 

II 

II 

(/) 

z 

11 

UJ 

II 

11 

UJ 

1  -J 

UJ 

II 

1- 

II 

Z 

11 

1  z 

< 

O 

II 

01 

II 

o 

11 

1  cr 

Z 

q: 

tl 

O 

II 

11 

< 

> 

cr 

UJ 

II 

O 

II 

1- 

11 

I  K 

UJ 

s 

II 

CQ 

II 

a 

II 

»-i 

1- 

UJ 

s 

11 

It 

t-t 

II 

1    UJ 

_l 

X 

UJ 

II 

cr 

11 

oc 

II 

1  cr 

1— » 

UJ 

u. 

t- 

11 

O 

11 

t^ 

u 

II 

1  >— • 

m 

O 

00 

11 

o 

11 

q: 

J^ 

II 

2 

< 

1 

> 

II 

Q 

UJ 

11 

Q 

UJ 

11 

s 

UJ 

00 

11 

UJ 

11 

i/i 

Q 

11 

1  i/i 

z 

00  <J 

11 

O 

O 

11 

11 

1  <_) 

< 

cr 

< 

(SI 

11 

-I 

Z 

11 
11 
11 

II 
11 
11 

3 

_) 

< 

2£ 

o 

M 

s 

D 

1- 

i/i 

1— 

11 

II 

< 

i/i 

o 

II 

11 

11 
II 
II 

u 

— 

< 

II 
II 
11 

11 

11 

11 

II 

11 

II 

11 

11 

II 

II 

11 
11 

cc 

11 
II 

II 

11 

UJ 

II 
11 

(S 

1 

in 

II 
II 

CD 

11 

11 

z 

S 

11 
11 

o 

O 

o 

II 

It 

(D 

O 

11 

u 

D 

11 

o 

O 

o 

11 

o 

11 

>l 

a 

Z 

II 

M 

■XI 

;0 

tfl 

11 

II 

0) 

\ 


585 


It) 

00 

II 
II 
II 
II 
II 

II 
II 

M 
II 
II 

II 
II 
II 
II 

H 

II 
II 
II 
II 
II 

o  <s 

II 

UJ 

II 

II 

II 

z 

o 

II 

M 

1- 

_l 
■  3 

II 
II 

II 
II 

II 
II 

UJ 

UJ 

II 

(/) 

I  Q 

II 

II 

II 

o 

1- 

II 

H  1-  O  UJ 

II 

11 

II 

< 

< 

II 

O 

00  ►- 

'  X 

II 

II 

II 

a 

a 

II 
II 

< 

a. 

O  UJ  O 
Oil/) 

II 
II 

II 
II 

II 
11 

II 

s 

II 

« 

II 

II 

i-i 

II 

II 

II 

II 

II 
II 

II 
^  II  -■*- 

II 
^  II  ^^ 

II 

II 

II 

II 

II 

O 

II 

II 

II 

II 

(T 

II 

II 

II 

II 

UJ  O 

II 

II 

II 

II 

1- 

II 

(0 

II   (O 

II   CO 

II 

< 

ir 

II 

CD 

II  oo 

II   CO 

II 

Q  O 

II 

^ 

UJ 

II  ^ 

Ul 

II  -^ 

UJ 

II 

(/) 

II 

CM 

< 

M    CM 

< 

II    CM 

< 

II 

UJ 

z 

II 

O 

1 

II    O 

1 

II  o 

1 

II 

3  O 

II 

^ 

(J 

II    ^ 

o 

II    -v  U 

II 

Q  a 

II 

<0  (/) 

II   ID  (/) 

II   (0  01 

II 
II 

i/i 

II 
II 

o 

-> 

II   O 
—  II  ^^ 

-> 

II  o 

-1 

II 

II 

II 

II 

II 

II 

1-  K 

1 

II 

II 

^-« 

II 

II 

Z  OU 

• 

II     1 

II    01 

Q 

II 

II 

1 

UJ  O  Z>  Z 

II    UJ 

1 

-1 

II  z 

UJ 

II 

II 

zujaaooujcDS 

II    (T 

(Q  a. 

< 

< 

S 

II  o 

<  ^  UJ  ffi  S 

II 

II 

13  >  UJ 

UJ 

»-i 

X  U  UJ 

II 

a 

O  K 

1- 

l-( 

UJ 

^v 

II  ►- 

UJ  K  X  U  Ul 

II 

II 

1-4 

o  u.  o  a  (ii  1-  (T 

l-H 

II   Q  O  -1 

z 

a 

U  ►-  Q 

II  (-ujaot-cr«-> 

II 

II 

(/)  K  U. 

z 

z 

a  > 

II   UJ 

uj  UJ  o  UJ  01  cr 

II  <  X  <  5      a  > 

c/) 

II 

II 

UJ  a. 

H4 

»-l 

Q  UJ  O 

Ul 

II   (/)  Z 

>  z  a 

a 

> 

< 

II    Q  1- 

O        IjU 

Z 

II 

II 

Q  S  Q  >  Z  H  K 

t-< 

a 

II   O 

HH 

UJ  UJ  UJ  01  01  O 

II  z 

UJ  o  1-  ►H  cr 

o 

II 

II 

»-H 

-1 

< 

*^ 

II  a. 

a 

-I 

cr 

s^ 

CD 

II    UJ 

u. 

> 

Z        -■ 

•— • 

II 

II 

t- 

o  a 

UJ  (/) 

z 

II   O  (/) 

a 

UJ 

II  z  o  o 

■1  00         z 

(/) 

1— 

II 

II 

z 

_l 

z  a.  UJ  UJ  1-  _i  u 

II  q:  0.  Q  z 

X  ffi  s 

II  z 

O  UJ  1-  _l  o 

u 

II 

II 

UJ 

< 

t-t 

<  U  O  -1  UJ 

1-4 

II  a  K 

z 

t~« 

I  H 

u 

UJ 

II  o  z 

ffi     _l    UJ    HI 

:d 

< 

II 

o 

II 

oc 

^^ 

o 

(X 

z 

3 

>  (/) 

II 

< 

CJ 

q: 

1-4 

II   U  (3 

z 

3  >  l/l 

II 

Ul 

II 

(T 

H 

D  U. 

o 

3  </)  UJ  Ul 

II  o  u. 

cc 

< 

o 

0. 

> 

II    UJ 

*-4 

o 

>  (/I  UJ  UJ 

t-  Q 

II 

z 

(T 

II 

Z) 

Z 

-1  o  u. 

O  UJ 

-J  o 

II   I  O  <  O  UJ  K 

UJ 

II  cr 

01 

> 

-1  UJ  -1  Q 

111 

II 

o 

t~t 

II 

u 

UJ 

u 

<r 

II  1- 

UJ 

i-H 

(T 

II 

UJ 

UJ 

t-  a 

< 

UO 

II 

t~t 

Z) 

II 

1- 

z 

to  O 

z 

-1  z 

> 

II 

01 

cr 

01 

u. 

01 

i-i 

II  UJ  a 

-1 

Z       -1  z 

o 

It 

H  O 

II 

5  O 

IHI 

Q 

z 

H-t 

K 

< 

UJ 

^-^ 

II  1/1 

Z 

< 

1- 

O  t- 

Z 

II    O  UJ  UJ 

UJ  H   <  UJ 

^-^ 

t- 

_l 

II 

o 

UJ 

II 

UJ 

a. 

o 

»-t 

q: 

►-I 

1- 

o 

II   (/)  C3 

<_> 

_l 

-1  o 

II      HI 

cc 

"^ 

cr  a  -« (- 

Q 

u 

II 

< 

cr 

II 

•-• 

1- 

1- 

z 

z  o  u  lo  tr 

II    UJ 

t— t 

UJ 

< 

z 

3 

UJ 

t-t 

M  > 

o 

(X  O  O  01 

(X 

i/) 

II 

II 

> 

tr 

z 

X  UJ  o  a  UJ  > 

< 

II    1/5 

i/l 

01 

a 

O  01 

>  01 

II  o  a 

z 

D  a  UJ  > 

< 

Q 

II 

II 

UJ  O  UJ  UJ 

a 

i-i 

UJ 

a 

10  o 

II  1/1 

UJ 

O  S 

Ht 

UJ 

UJ 

UJ 

It  cr  o 

u  UJ  a  01 

o 

Nl 

II 
II  • 

II 
II 

a 

u. 

s 

s  o  1-  a  i/> 

"-" 

ffi 

II  < 

_    II    .._ 

a 

z 

»-t 

K 

q: 

-1 

Q 

It  a. 

u. 

a 

w  cr  01  ^ 

m 

•- 

(T 

II 
II 

II 
II 

II 
II 

II 
II 

q: 

O 

II 
II 

II 
II 

II 
II 

II 
II 

o 

UJ 

II 
II 

z 

II 
II 

II 
II 

II 
II 

00 

< 

II 

O  1- 

II 

< 

< 

II  < 

< 

II  < 

< 

u 

II 

*-l 

z 

II 

> 

II  > 

II  > 

z 

II 

1- 

UJ 

II 

1 

II    1 

It    1 

3 

II 

O  Q 

II 

u 

*— 

II   u 

r— 

II  (J 

^ 

II 

< 

l-« 

II 

</> 

1 

II  l/> 

1 

II    01 

1 

II 
II  - 

II 
II 

~) 

<N 

II  -> 

— 

II  -) 

II 

II 

II 

II 

II 

II 

II   z 

II    UJ 

o 

II 

II 

II  3 

11  cr 

UJ 

II 

II 

II  o 

II   <  ex  3 

II 

II 

II    (X 

II 

Q.  O 

II 

II 

II  < 

II    UJ 

_i 

II 

z 

II 

II 

II  > 

O  U. 

II 

o 

II 

II  1/1 

II    O  K 

II 

•-• 

II 

II    0. 

II    O 

< 

II 

t- 

11 

II    K 

a. 

II 

z 

s 

II 

a 

II 

II 

< 

II    > 

(J 

01 

II 

*-^ 

II 

II  o  u 

II    UJ 

< 

II 

oc 

II 

II    UJ 

11  _J 

y> 

-I 

II 

»-t 

u 

II 

II  > 

UJ 

II    uJ 

UJ 

a 

II 

a 

1/1 

II 

II  o 

00 

II    V, 

a 

II 

a  UJ 

II 

II  cr  o 

II   O 

UJ 

UJ 

II 
II 

^  ' 

a 

II 
II 

II  a 
II  s 

z 

II   z 

II   *^ 

ir 

Q 

3 

II 
II   - 

II 
II 

II  ^ 

Q 

II    S 

< 

_t 

m 
1 

II 
II 

K  on 

II 

11 

II 
II 

M 

II 

O 

II 
II  - 

u  •- 

< 

II 
II 

II 
—  It  ■^— • 

II 
-    11   ^^' 

II 

II 

II 

II 

(M 

II 
II 
II 

II 
II 
II 

II 

II 
II 

II 

II 
II 

o 

II 

II 

II 

II 

z 

II 
II 

ex 

(LI 

II 
II 

(D 

II 

II   0) 

II 

II  o 

1- 

II 

z 

ffi 

II 

03 

II    CO 

II   01 

^ 

M 

•-• 

s 

II 

3 

II   o 

II  o 

o 

.1 

o 

3 

II 

O 

II  o 

II  o 

a. 

II 

a 

z 

II 

lO 

II  <o 

II   iO 

'jj 









Z. 



:i 

II 

586 


in 

10 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

o 

CD 

II 

UJ 

II 

II 

II 

z 

o 

II 

M 

h- 

II 
II 

II 
II 

II 
II 

LiJ 

LU 

II 

00 

X  a 

II 

II 

II 

O  K 

II 

1- 

1- 

O  UJ 

II 

II 

II 

< 

< 

II 

o 

1/1 

1-^ 

r 

II 

II 

II 

a. 

Q 

II 

< 

o  uj  u 

II 

II 

II 

II 

a. 

u 

i  i/i 

II 

II 

II 

II 

S 

II 

II 

II 

II 

■-( 

II 

II 

II 

II 
II 
II 

II 
II 
II 

II 
II 
II 

II 

—  II 

II 

II 

u 

II 

II 

II 

II 

cr 

II 

II 

II 

II 

liJ  o 

II 

II 

II 

II 

1- 

II 

II 

(0 

(O 

II 

II 

< 

a. 

II 

II 

CO 

(9 

II 

II 

Q  O 

II 

II 

^ 

UJ 

^  UJ 

II 

II 

LTi 

II 

II 

(SI 

< 

(SJ   < 

II 

II 

UJ 

z 

II 

II 

o 

1 

O    1 

.11 

II 

:3  o 

II 

II 

^ 

u 

^  u 

II 

II 

o  a 

II 

II 

<0  1/1 

CO  oo 

II 

II 
II 
1' 

1/1 

II 
II 

II 

II 
II 
II 

o 

-1 

O  -i 

II 

—   II 

II 

II 

II 

II 

UJ 

1- 

10                UJ 

II 

II 

II 

II 

Q 

1/1 

IX 

-1  a           -1 

II 

II 

II 

II 

=5 

t- 

-I 

00 

o 

_l 

_l  O             <  UJ 

II 

II 

II 

II 

-I 

■D 

< 

UJ 

a 

< 

S 

<  K        £3  Z  X 

II 

II 

II 

II 

<J 

UJ 

a 

cr 

X 

UJ 

H-* 

UJ 

^*t 

<_)  Q  Z  O  1- 

II 

II 

II 

II 

UJ 

X  K 

3  Q  o 

cr  o  1-  Q 

>  UJ  UJ  <  •-■ 

II 

II 

II 

II 

cr 

H- 

3  Q  Ul  < 

UJ 

00 

a: 

U.  Z  -1        1-  Q 

II 

1/1 

II 

II 

II 

a 

O  UJ 

> 

o 

^ 

a 

> 

< 

1-  Z  -J     -<  Z 

II 

z 

II 

II 

II 

O 

u 

UJ 

cr  K  00  00  00  o 

1-  o  o  1-  cr  <  Q 

II 

o 

II 

II 

II 

O  Z  5t  o 

^ 

a. 

00 

1- 

>— ' 

(D 

z  o  q:  z           cr 

II 

II 

II 

II 

K 

i-« 

u 

cr 

\^ 

a 

O  U  UJ 

UJ         K  UJ      -  UJ  < 

II 

to 

t- 

II 

II 

II 

1- 

< 

a. 

4  CJ  <  X  CO  3 

Q  UJ   Z  2   >  O  M 

II 

o 

II 

II 

II 

z  u  cr 

UJ 

a 

H 

u 

UJ 

►H  00  O  3  t-   Z   < 

II 

3 

< 

II 

o 

II 

II 

< 

UJ 

_i 

cr 

y-^ 

O  2 

cr 

H4 

O  U  <J  UJ  <   I 

II 

II 

UJ 

II 

II 

_i 

Z  CJ 

_i 

< 

00 

UJ 

1^ 

o  a 

> 

a          o  u.  1- 

II 

1- 

Q 

II 

z 

ac 

II 

II 

a 

Z 

»-l 

< 

a  cr  (- 

\- 

UJ 

z  Q  z  Q  <  a  u. 

II 

UJ 

II 

o 

II 

II 

O  a 

Q 

o 

< 

UJ 

i-< 

cr 

<  UJ  •I        00  UJ  o 

Q 

II 

< 

l/l 

II 

D 

II 

II 

a 

u 

UJ 

cr 

1- 

-I 

-I 

00 

*~* 

>        oo        u 

UJ 

II 

O 

II 

1- 

O 

fl 

II 

o 

1 

o  o 

< 

o 

UJ 

■D 

1- 

z 

5  UJ  Q  C3  00  CJ  UJ 

> 

II 

t- 

_l 

II 

u 

UJ 

II 

II 

-I 

00 

z 

■D 

I 

UJ 

a. 

Q 

_i 

-1  C3 

UJ  ^  UJ  a  oo  <  UJ 

_l 

II 

u 

II 

< 

cr 

II 

II 

UJ 

1/1 

3 

_l 

z 

UJ 

3  UJ 

)_i 

•-I   1   1-  <  UJ       cr 

O 

II 

1/1 

II 

II 

II 

> 

O  O  U  Q 

z 

Q  I 

00 

> 

00 

>  Z  oo  isi  00  ct  O 

> 

II 

o 

II 

II 

II 

UJ 

cr 

cr 

Z 

z 

o 

z 

t_) 

UJ 

UJ 

UJ 

UJ  O  •-•  <  00  O  UJ 

z 

II 

ILI 

II 

II 
II 

II 
II 
II 

II 
II 
II 

QUO 

*-• 

< 

u 

< 

00 

cr 

_l 

Q 

cr  z  -J  I  <  u.  CD 

'-' 

II 
—  II 

,_, 

II 

q: 

II 

II 

II 

II 

a: 

O 

II 
II 

II 
II 

II 
II 

II 
II 

Q 

UJ 

1- 

II 
II 

z 

II 
II 

II 
II 

s 

II 
II 

I/) 

< 

II 

O  H 

II 

II 

UJ 

< 

<          < 

II 

u 

II 

z 

II 

II 

01 

J 

II 

z 

II 

1- 

UJ 

M 

II 

1 

1 

II 

3 

II 
II 

II 
II 
II 

< 

o 

II 
II 
II 
II 
II 

II 
II 
II 
II 
II 

u 

00 

1 

(J  •- 

00    1 

-i  CM 

II 

II 

II 

~  II 

II 

11 

II 

II 

z 

cr 

II 

II 

II 

II 

O  Q  O 

II 

II 

II 

II 
II 

II 
II 

u 

1 

z 

3 

II 
II 

11 

II 

II 

00 

o 

UJ 

II 

II 

z 

II 

II 

00 

cr 

z 

II 

II 

o 

II 

II 

O 

o 

z 

II 

II 

II 

II 

(T 

o 

II 

II 

►— 

II 

II 

O 

u. 

u 

" 

II 

II 

a 

II 

II 

O 

II 

II 

II 

a: 

II 
II 

II 
II 

UJ 

-J 

O 

u 

II 

II 

II 
II 

tr 

II 
II 

II 
II 

ffi 

z 

a 

II 
II 

II 

Q 

UJ 

II 

II 

00 

1- 

iC 

II 

II 

>/l 

Q 

II 

II 

oo 

u 

u 

II 

II 

II 

II 

O  UJ 

< 

II 

II 
M 
II 

II 

II 
II 
II 

a 

z 

IZ 

II 

—   II 

CO 

1- 

(/I 

1- 

II 

II 

1 

It 

< 

U1 

o 

II 

II 

11 

r-4 

o 

II 
II 
II 

u 

— 

< 

II 

II 
II 
II 

II 

—   II 

II 

II 

II 

(SI 

II 
II 
M 

II 
II 
II 

II 
II 
II 

II 
II 
II 

o 

M 

II 

II 

II 

z 

II 
II 

q: 

UJ 

II 
II 

II 
II 

_ 

II 
II 

»— 

II 

z 

Zl 

II 

II 

01 

II 

q: 

II 

■-• 

z 

ll 

II 

o 

II 

o 

II 

(-; 

-^ 

II 

II 

o 

II 

a 

II 

a 

z 

II 

II 

(O 

II 

an 

II 

1 

II 



II 

587 


IT)  ID 

II 

._. 

-__— — 

_^ 



__^ 

— 

in  CD 

II 

II 

II 

^ 

II 

II 

II 

11 

•— 

II 

II 

II 

II 

-- 

II 

II 

II 

II 

•  ^ 

II 

II 

II 

II 

O  CD 

II 

UJ    II 

II 

II 

z  o 

II 

M 

-1  II 

H  3   II 

II 
II 

II 
II 

UJ  UJ 

II 

{A 

r  o  II 

II 

II 

O  (- 

II 

1- 

K  O  UJ   II 

II 

II 

<  < 

II 

O  l/l  >-•  I    II 

II 

II 

a  Q 

II 

< 

O  UJ  U   II 

II 

M 

II 

a  <j  5  1/1  II 

II 

II 

II 

s 

II 

II 

II 

II 

i-H 

II 

II 

II 

II 
II 

II 

II 

II 

II 

II 

II 

■^  II 
II 

II 

O  II 

II 

II 

(T   II 

II 

II 

UJ  O    II 

II 

II 

K          II    (O 

II   (0 

II 

<  a  II  CO 

II  <o 

II 

O  O  II  ^  UJ 

II  ^  < 

II 

i/i  II  —  < 

II  —  z 

II 

II 

lU  Z   II   —    1 

II  —   1 

II 

II 

3  O  II  ^  o 

II  ^  u 

H 

II 

o  0.  II  r>  I/) 

II  r»  00 

II 

II 
II  ' 

(/)  II  o  -> 

II  o  -J 

II 

II 

II 

~~    II                   ~^ 

II 

^  11 
II 

II 

II  o 

UJ 

z 

II 

z 

II 

II 

II  z     UJ 

1  (/) 

o 

»-• 

II 

o 

II 

II 

II  HI        z  </>  o 

1 

■-^ 

II   UJ  u. 

•^ 

II 

II 

II  z  cc  t-  3  X 

UJ 

H 

II   3  O  00 

lA 

II 

II 

II  z  UJ 

t/1(- 

o 

< 

-1 

II  to      a:  o  UJ  X 

II 

II 

II  <  I    • 

>-^ 

1- 

cr 

UJ  z 

II    00  Z  UJ 

>-* 

a  UI 

II 

II 

ii-iKi/)uj      i-  n  cc  m  >  i3 

11   i-i  O  1- 

3 

»-* 

II 

(/)    II 

II  aoujxiozooo 

UJ 

t^ 

II       1-1  _i 

_l 

UJ 

> 

II 

Z    II 

II          « 

K-  UJ  UJ 

^• 

a 

1^ 

_l  00 

II    to  to  i-i 

u. 

X  UJ 

II 

O   II 

II  a  r  H 

-1  u 

1 

UJ 

lO 

UJ 

II    l-H  ►-•  u. 

1- 

cr 

II 

->  II 

II  Z)  1-  -< 

u.  •-•  < 

>  cc  z 

-1  a 

• 

II  X  > 

cr 

II 

CO 

1-  II 

iio-aot-TO 

o 

< 

>—« 

II    K  O  UJ  UJ  O  Z 

II 

U    II 

II  >  $  o 

o 

o 

HH 

z  a 

II       a  u  1-  1-  o 

II 

D 

<  II 

Q   II              •-■ 

K  CV4  <  r 

U    UJ 

K 

II  UJ  a.  < 

k-t 

z 

»^ 

. 

II 

II 

UJ  II  z  1-  (z 

z  o 

t- 

to 

o 

UJ 

K 

< 

II    h-          U. 

o 

»-• 

1- 

to 

II 

1- 

Q   II 

z  a  II  «  z  a 

UJ  —  o 

•-^ 

Ui 

z  a  1/1  o 

II  <  o  cr  a 

4 

UJ 

II 

UJ   II 

o  •-•  II      UJ 

S    1    H  S  -I 

1^ 

00 

> 

CQ 

II  cr  z  UJ  o 

. 

O 

•-« 

II 

< 

to   II 

•-•3IIUJKSUJ> 

*-* 

-1 

to 

II    O  !-■  1- 

to 

(-H 

H 

II 

O   II 

HO  II   0(/)<O0Q 

^ 

K 

3 

UJ 

3 

II  a  a  z  UJ  s 

u. 

II 

1- 

_l   II 

u  UJ  II  3  ->  a 

<         UJ 

(/) 

Q  r 

UJ 

II  a  (T  -^ 

I  UJ 

•-• 

> 

II 

U   II 

<  ac   II   -tiOO-IKQUJZUJI-ffl 

*-* 

II  o  < 

K 

1— 

1- 

II 

LO 

II 

II  uzoaoz-ioi 

u 

> 

II  U  13  UJ 

00 

cr 

►- 

II 

O    M 

II  z  o  a:  UJ  UJ  o 

1-4 

(^ 

o 

O  tr 

UJ 

II    Z  UJ  00 

Z 

> 

UJ  u 

II 

UJ    II 
ISI     II    - 

II  ►-  o  a 

cr  a  ID  H 

to 

(/) 

1- 

a 

cr 

II    •-  CE  o 

l-H 

00 

o 

< 

II 

*" 

>-•  II 
cr  II 

II 

II 

■^  II          ^^' 
II 
II 

—  11 
II 
II 

CE 

O   II 
O   II 

II 
II 

II 
II 

II 
II 

a  UJ  II 

II 

II 

II 
II 

h-     II 

Z         II 

II 

10 

<    II 
U    II 
Z    II 

O  1-   II   < 
-•  Z  II   > 
K  UJ    II     1 

< 

II    UJ 
II    K 
II      1 

< 

II 
II 
II 
II 

3    II 

O  Q    II    O  — 

II    (J  — 

II 

<  M    II    10    1 

II   to    1 

II 

II 

II  - 
II 

II    -)  '- 

II    T  CM 

It 

II 

11 

-   H 
11 

II 

II    > 

II   1-  3 

II 

II 

II    K 

II   -1  _l 

II 

II 

II    •-< 

II    i-<  u. 

II 

II 

II  at 

II    u. 

II 

II 

II  <j 

II       o: 

II 

II 

Z    II    UJ 

11    UJ  UJ 

II 

II 

O  II  1- 

11    O  1- 

II 

II 

•-•   II   z 

II    <   w 

II 

n 

1-  II  « 

II    U.  (Q 

II 

II 

a.  II       (SI 

II  a  tr 

II 

II 

—    II    Q  o 

II  UJ  O  to 

II 

II 

a  II  z  — 

II    K          liJ 

II 

M 

—  O   II   O    1 

II  z  z  z 

II 

11 

ir  t/)  II  (D  > 

II 

II 

O  UJ  II        o 

II           _i 

II 

II 

t/5  Q    II    to 

II   UJ  to 

II 

II 

II  a  > 

II  00  cr  Q 

II 

<X) 

II 

II  - 
II 



II  1-  o 

11    O  UJ  — 

II 

t- 

to  K    II 

-  11  —^ — ^— - 
11 

-   11 
II 

1 

II 

< 

to  O   II 

II 

II 

CM 

o 

M 
M   - 

u 

i  1-  <  II 

11 

II 

(SI 

M 
M 
II 

II 
II 
II 

II 
II 
II 

-   II 
II 
II 
II 

o 

II 
II 

II 
II 

.  II 

.  II 

II 
II 
II 

z 

II 

(X    II 

II 

n 

UJ  II  r» 

II  in 

II 

►— 

M 

z  m  II  - 

II    CO 

II 

a: 

II 

►-  S  II   - 

11  — 

II 
II 

o 

II 

;j  3    II   O 

II  o 

a 

UJ 

a: 

M 

It 

a  z  11  <fl 

II 

II   (C 

11 

II 

II 

588 


in  oD 

II 



^— 

— ""■ 



' 

' 

■ 

■ 

■ 

■ 

II 

II    II 

■^ 

II 

II 

II    II 

II 

II 

II    II 

^_ 

II 

II 

II    II 

-  ^ 

II 

II 

II    II 

O  CD 

II 

UJ    II 

II 

II    II 

z  o 

11 
II 

_l  II 

K   D    II 

II 
II 

II    II 
II    II 

UJ   UJ 

II 

1/1 

r  Q  II 

II 

II    II 

C3  t- 

II 

t- 

1-  O  ui  II 

II 

11    II 

<  < 

II 

(_> 

Ol  l-l   I    II 

II 

II    II 

a  Q 

II 
II 

4  O  UJ  U    II 

a  u  3  (/)  II 

II 
II 

II    II 
II    II 

II 

s 

II 

II 

II    II 

II 

»-« 

II 

II 

II    II 

II 

11 

11 

II    II 
-  II    II 

II   " 

II 

II 

II 

II    II 

II 

l3  II 

II 

n    II 

II 

cr  II 

II 

II    II 

II 

UJ  O    II 

II 

II    II 

II 

K           II    (0 

II   (0 

II    II 

II 

4  a  II  <s 

II  to 

II    II 

II 

Q  O  II  "^  < 

II  ^ 

4 

II    II 

II 

00   II   (0  Z 

II   (0 

Z 

II    II 

II 

UJ  Z    II    —    1 

II  •- 

1 

II    II 

II 

3  O   II   ^  O 

II  ^ 

U 

II    II 

II 

Q  a  II  (0  00 

II  <o 

to 

II    II 

II 
II  ' 

II 

I/)  II  o  -> 

II  o 

-5 



II    II 
-  II    II 

—  II  ^— ^^• 
II 

II 

II    II 

II 

II   H    1 

to 

II 

OO 

1 

II    II 

II 

II   Z  O 

UJ 

. 

00 

1 

a 

UJ 

II    1 

1- 

1— 1 

at 

II     M 

II 

II    UJ  •-• 

00  1- 

o 

^^ 

o 

> 

II  z 

00 

O 

UJ 

II    II 

II 

II   00  u. 

UJ 

Z 

i-t 

UJ  (0 

cr 

_i  UJ  ID  3 

II    O  UJ 

4 

^- 

K 

2 

II    II 

II 

II    UJ  Z 

I  4  1-  Z 

t^ 

o 

4 

X  U  UJ 

II   o 

l- 

a 

H^ 

Q  at 

UJ 

'"^ 

II    II 

II 

II  a  O 

1-  Q  00 

I-I 

(/) 

5  >  1- 

cc 

KH 

II 

4 

CD 

z  o 

1- 

O 

II    II 

II 

II  a  u  I/O 

Z 

*^ 

O  00  UJ  O 

a. 

> 

II  cr 

_l 

U 

IT 

4 

a 

_l  1/1  (X 

II    II 

t/l 

II 

II 

ooo3crzujacr^o 

UJ 

II  o 

3 

O  1-  UJ 

4 

> 

4 

II    II 

z 

II 

II    U.  UJ 

UJ 

Z 

QUJUJODU-OH 

NH 

at 

II  u. 

u. 

UJ 

00  cr 

^-1 

to 

O 

II    II 

o 

II 

II  O  > 

I/) 

1^ 

UJ 

t- 

u  to 

UJ 

HH 

II 

O  X  1- 

X 

O 

^^ 

o 

II    II 

II 

II       _i  00  :c  a  o 

• 

4  00  I/)   X 

00 

z 

II    00  Z  1- 

z 

H 

UJ 

II    II 

(/>  1- 

tl 

II   00  4 

4 

4 

4 

z 

UJ 

Z  U  H 

_l  o 

II  1- 

1^ 

UJ 

h-i 

a  CD  3 

II    II 

o 

II 

II  >-•  > 

2  oo  cr  o 

» 

iz 

O 

-I 

UJ 

^-1 

II   u 

z 

UJ 

cr 

3 

00 

00 

u 

UJ 

II    II 

3 

< 

II 

a  II  00 

O 

UJ 

4 

»-l 

UJ 

a 

u. 

3 

> 

00 

II    4 

4 

z 

cr 

1- 

cr 

HH 

II    II 

II 

UJ    II    4   2£ 

Z  u. 

>  X  I/)  U 

H  O 

00 

UJ 

UJ 

II  a 

UJ 

1— 1 

3  o  <J  o  a 

> 

II    II 

H 

Q 

II 

z  at  II  o  u 

40-JUUJZQ4 

UJ 

_1 

a 

II   S  S  2  O  1- 

4 

K 

UJ 

II    II 

UJ 

II 

O  •->  II        UJ 

4 

Q 

4 

z 

a 

z 

ex 

II  I-I 

cr 

a. 

■—I 

q: 

II    II 

< 

lO 

II 

-1  3  II  UJ  X 

Z  00 

> 

UJ 

UJ 

S  4  UJ  O 

-1  S 

II 

O  UJ 

u. 

00  2 

1/1 

I-I 

II    II 

o 

II 

t-  O  II   Q  U  O  H 

Q  OC 

cr 

a 

»-l 

1- 

4 

Ul 

^— V 

II  to 

z 

1- 

o  s 

— 

1- 

z 

II    II 

(- 

_J 

II 

CJ  UJ   II   i-i 

1-4 

u 

^ 

3 

o 

* 

K 

cr 

i-i 

1- 

Q 

II  1/1 

I-I 

UJ 

O 

_l 

-J 

o 

II    II 

o 

II 

4  cr  II  >  UJ 

K 

4 

O 

_l 

4 

u. 

> 

1/1 

I-I 

O  u 

to 

cr 

II    Ul 

1- 

Q 

> 

Q 

Q 

3 

UJ 

•— 1 

II    II 

lO 

M 

II  o  S 

4 

a 

UJ 

o 

tr 

H 

z 

Q 

a 

UJ 

> 

4 

II     00 

u 

t- 

Z 

cr 

1/1 

> 

tO 

II    II 

o 

II 

II  a  00 

(r 

S  I 

z 

U. 

UJ 

HH 

O  Q  UJ 

a. 

00 

o 

II    00 

3  O 

*-i 

■— 1 

1— 1 

UJ 

UJ 

UJ 

II    II 

»-» 

UJ 

rsi 

II 
II 
II 

II  a  1/1 

3 

(_) 

I-I 

O 

a. 

-J 

U 

4 

cr 

00 

-^ 

(D 

II    4 

Q  t- 

_i 

s 

m 

cr 

-1 

O 

II    II 
—  II    II 

II 

II 

II    II 

a 

II 

II 

II 

II    II 

cr 

o 

(J3 

II 
II 

II 

II    UJ 

II 
11 

II    II 
II    II 

a  UJ 

II 

M    S 

II 

II    II 

l- 

II 

Z          II    00 

II 

II    II 

I/) 

4 
U 

z 

u 
II 
II 
II 
II 
II 

ACTIO 
IDENT 

MSFC-S 
1-1 

4 

11    4 
II    > 
II     1 
II    O 

II   to 

II    -> 

1 

4 

II    II 
II    II 
II    II 
II    II 
II    II 
II    II 
—  II    II 

II 

II 

II 

II 

II    II 

II 

II    4 

II    X 

K 

II    II 

11 

II    CJ 

II  to 

-1 

U 

II    II 

II 

II    i-i 

II  o 

4 

4 

II    II 

II 

II    1- 

II  z  s  a 

II    II 

II 

II    I-I 

II  " 

cr 

£ 

II    II 

II 

z  II  q: 

II  s 

UJ 

"-I 

II    II 

II 

O   II   <-) 

II 

I 

II    II 

II 

«  II        00 

II   (D 

K 

Q 

II    II 

II 

1-     II    UJ   UJ 

II  cr 

cr 

II    II 

II 

a  II  5  > 

II   O 

o 

I-I 

II    II 

II 

II 

1-1  II  i/i  _i 
a  II  i/i  4 

II 

II   u. 

1- 

CO 

II    II 
II    II 

II 

I-I  U    II          > 

M    O 

UJ 

00 

II    II 

II 
II 

cr  I/)  II    1 

Q  UJ    II          > 

II 

II  00 

3 
Q 

1/1 

UJ 

II    II 
II    II 

II 

00  o  II  00  (- 

II   to 

OC 

II    II 

)l 

II    CL  » 

II  O  Q 

t~ 

II    II 

03 

It 

M 
II 

- 

II   5  -1 

II   _j 
1)  — 

_l 

l/l 

II    II 
—  II    II 

h-  00  1-  II 

II 

II    II 

It    II 

It    II 

—  II    II 

I 

II 

4  1/1  O    II 

II 

tN 

a 

1 

II 
II 

II 

- 

O  "  4    II 

II 
—  II  ^^ 

II 

II 

II    II 

CN 

I 

II 
II 
11 

II 
II 
II 

II 
II 
II 

II    II 
II    II 
II    II 

c 

z 

I 

II 
II 
II 

II 
OC    II 
UJ    II    TT 

II 
II 

II   (0 

II    II 
II    II 
II    II 

t- 

II 

Z  CD    II    ^ 

M    1 

II    II 
II    II 

OL 

II 

-  5    II    - 

M     •- 

o 

II 

U  O    II   O 

II  o 

11    II 

a 

11 

a  z  II  (o 

11   CO 

11    II 
II    II 

J 

j; 

^ 

._ 

II 

._ 









i| 







o 


64-548    (592) 


BOSyON  PUBLIC  LIBRARY 


3  9999  00153  04$ 


0 


Boston  Public  Library 


COPLEY  SQUARE 
GENERAL  LIBRARY 


The  Date  MBMnHPill^liiket  indi- 
cates the  date  on  or  before  which  this 
book  should  be  returned  to  the  Library. 

Please  do  not  remove  cards  from  this 
pocket. 


